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The Sodium Reactsr Experiment (S-) Facility at the Santa Susana Field 

Laboratories in Ventury County, California, was built between 1955 and 1957. 

The 20-MJt sodim-cooled, grrphi tc-modera ted, thenma1 rcdctor was operated f ror 

April 1957 through February 15, 1964, by Rockwell Internationa:'. Energy Systems 

Group. During the operational life of the reactor, induced radioactivity was 

produced by neutron activation of surrounding material. In addition, mixed 

fission products were released into the reactor primary sodiua coolant system 

when a fuel elewnt rup~ored. Froa 1964 to 1976, the reactor was in a protec- 

tive storage mode with routine surveillance. 

n~contamination of the SRE began in 1976 and was complered in 1982 by 

Rockwell personnel. At the request of the 1J.S. Department of Energy ( W E )  

Office of Ope rtional Safety ( 0 0 s )  and in accordance with their prograimnaiic 

concurrent and post-remedial-action responsibilities, the Argonne National 

Laboratory (ANL) Radiological Survey Croup (RSG) conducted a series of radio- 

logical measurements and analyses at SRE between November 1979 and 

September 1982, to survey for residual radioactive contami~ation. 

The survey activities consisted of conducting instrument and smear surveys 

for radioactive contamination and collecting and analyzing material samples. A 

total af 80 scil, concrete, rock, rebar (*-in-diameter steel reinforcing bars in 

concrete), water, and sewer sludge samples were collected by ANL and Rockwell 

personnel and analyzed at the AKL Analytical Chemistry Laboratory. The samples 

were collected during various stages of the decontamination and overview activi- 

ties. The soil, concrete, asphalt, sand, and rebar samples that had elevated 

levels of radioauclides were those taken from areas that also yielded elevated 

inatrumcnt readings before the decontamination sctivities had been completed. 

T h e m  areas were subsequently decontaminated to the point that radiation levels 

were reduced to levels below detectable limits. 

During the final overview surveys in the s w e r  of 1982, 46 locations with 

elevated activity were detected with survey meters. Of these areas, 27 had 

contamination in excess of acceptable limits: ho*.;ve.-, all the areas s-abse- 

quently were cleaned to belcw detectable limits before ANL/RSG completed their 

overview activities. 



Sludge samples were taken from five access points in the sanitary sewer and 

s t o m  sewel systems that service SRE. Elevated concentrations of the radio- 

nu-lide I3'cs were detected in the Lhree saaples from the storm sewer systcr, 

and '%r, 1 3 v ~ a ,  and uranium were detected in the samples from the sanitary 

sewer sysc-r as it leaves SRE. The concentratioa of 05sr dissolved in the water 

of one sample was approximately half the recouended water concentration for 

controlled areas and approximately 15 tires the recomrnded water concentration 

for uncontrolled areas as stated in DOE 5480.1 Chg. 6, Chapter XI. Past cxperi- 

cnce ha8 shown that radionuclide concentrations of samples retrieved from sewer 

access points tend to be considerably lower than concentrations found in straight 

runs. It must, therefore. be concluded that the sewer systens are indeed 

cootariaated. Past experience has also s h o w  that use cjf powered pldmber's 

snak~rs, high-voluae water flushing, and deterpents are ineffective decontari- 

nation procedures; therefore, these optiona camot be considered adequate in 

this instance. 

The efflv-,c; from the outfall of there drain systems maat also be con- 

sidered potentially coctaminated, since experience has shown that radionuclides 

from contaminated sewers discharge intermittently for many years. 

This survey was performed by the following Health Physics p e r s o ~ e l  of the 
Occupational Health and Safety Division, Argonne National Laboratcrg, Argotme, 
Illinois: R. A. Wynveen, W. H. Smith, C. n. Sholeen, R. L. Hundis,* C. Boggs 
Uayes,* K. F. Flyan, J. D. Thereon, R. Rodriguez, and D. W. Reilly. 

*Now at Los Alamos Nation81 Laboratoq. 

*Now at Exxon Nuclear Idaho, Inc. 
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SURPLUS FACILITIES MANAGEMENT PROGRAM 
POST-REMEDIAL-bCT1ON SURVEY REPORT FOR 

TKE SQDILJM REACTOR EXPERIMENT (SIRE) FACILITY 
SANTA S U S W A  E'IEU L4BOMTORIES, R Q C M L L  INTERNATIONAL 

VENTURA COUNTY, CALIFORNIA 

The Sodium Reactor Experiment (SRE) Facility was built in the mid-1950s at 

Rockwell International's Santa Susana Field Laboratories (SSFL) as part of the 

United States' nuclear energy research and development effort. The location is 

in the Santa Susana Mountains in Ventura County, California, northwest of the 

Ssn Fernando Valley and 29 miles northwest of downtown Los Angeles (Fig. 1). 

The facility, owned by the Federal Government., was constructed on land 

leosed with option to buy from Rockwell International. It was operated by the 

Rockweli Energy Systems Group (ESG) under a Government contract. The SRE was a 

20-MWt, sodium-cooled, graphite-medcrrted, thermal reactor. ' Initial operation 

began in April 1957. The reactor was used for numerous testing programs, and 

beginning in November 1957, it also was used to generate a supply of electricity 

sufficient to light the City of Moorpark, Calitormia. Operation of the SRE as r 

n~clear plant ceased after February 15, 1964. During its operating life, the 

SRE generated more than 37 million kilowatt hours of electrical energy in over 

27,300 reactor operating hours. 

When the intended program was coarplet"ed, the SRE was placed in a protective 

storage mode with routine euweillance. During the operational life of the 

reactor, induced radioactivity was produced by neutron activation of the sur- 

rounding material. In addition, there was a release of mixed fission products 

into the reactor primary sodium coolant system caused by a ruptured fuel element. 

In 1974, a plan was formulated with the U.S. Atomic Energy Commission to return 

the facility to Rockwell International for unrestricted use. Decontamination of 

the SRE began in 1976 and was completed in 1982 by Rockwell personnel. The 

decorsissioning program included removsl of the reactor and surrounding soil and 

concrr:e. Current plans are foz the SRE area to be used as a non-nuclear 

fabrication facility. 

At the request of the U.S. Lepsrtaent of Energy (WE) Office of Operational 

Safety ( 00s )  and in accordance with their progr-tic concurrent and poet- 

remedial-action responsibilii~es, the hrgoune National Laboratory (AWL) Radio- 



logical Survey Group (RSG) conducted a series of radiological measurements and 

analyses at the SRE Facility for the pnzpose of post-remdial-action assessment. 

During nay 1981, a confirmatoty overview survey was conducted at the large area 

that had been excavated to remove the reactor and the surroundinp concrete and 

soil (see Fig. 2). An ousite radiological survey was performed, and soil, 

water, concrete, rock, and rebar (#-in-diameter steel reinforcing bars in 

con~.rete) samples were collected prior to bacicf illing operations. A concurrent 

remedial-action-overview survey was conducted in October 1981 whil? the back- 

filling operation was in progress. A post-remedial-action (certification) 

survey was initiated in July 1982. During August 1982, decontamination and 

decoumnissioning (D&E)) activities continued at the SRE. Contaminated areas 

identified by the ANL survey team were also decontaminated. The post-remedial- 

action survey was then coapleted during September 1982. 

The portion of the SSFL operated by ESG under a long-term lease/option to 

the U.S. Governaent is shown in Figure 3. SRE personnel divided che site into 

ten regions on the basis of topographic factora and operations performed in each 

region (see Fig. 4). Region IV was an auxiliary parking area and a radioactive 

materials storage facility. Region V originally contained a hot waste storage 

area and the interim radioactive waste vault for buried gas and liquid holdup 

tanks. Region VI consisted of rough, inaccessible terrain with sandstone forma- 

tions several hundred feet high. Region VII (see Fig. 5 )  was a low area 

containing a pond retained by an earthen dam. Region I was used for decon- 

taminating equiprent items from the SRE. Regions 11, 111, VIII, IX, and X were 

psedorinantly asphalt parking areas adjacent to the ?.hree main buildings involved 

in the decmissiouing project. These were Building 163 (120.7 ft x 40 ft), 

Building 041, (140 ft r 28 ft), and Building 143 (approximately 16,500 ft2). 

Regions X and 11 arc shown in Figure 6, which tncludcs the east end of Building 

163. Building 143 housed the SRE reactor and fo-d an eleventh region. 

Photographs of Regions 111, VII, and SRE are shown in Figure 7. 

Tbe eastern part of Building 163 war used as a box fabrication shop The 

southwestern end was ~ s e d  as cleaning facility for radioactively contamioatcd 

uterialm. The southern section of Euilding 041 was used as a storage facility 

for packaged radioactive material. Building 143 housed the reactor and its 

control room. and officrs. The reactor was located below ground level in the 

northeastern section of the building. The High Bay area (see Fig. a ) ,  located 
above the reactor, measured 50 ft f r m  the floor to the ceiliug. Adjacent t c  



the southern end of the High Bay area was a roo0 that was 25 ft in height called 

the Low Bay area (see Fig. 9). 

Building 133 in Region IV was moved from Region I. It was fsllatrly Building 

724, a hot oil sodium cleaning facility. Building 133 contained radioactive 

waste material and was not part of this decomaissioning projecta 

RADIOLOGICAL SURVEY PROCEDURES 

General 

The radiological survey conducted by ANL/RSG was performed during five 

visits to the site over three years. During the first visit (November 19791, 

environmental corings were taken in three lacations (see Fig. 4). These soil 

samples (10-S12 through 10-S14) were used to assess the background concentra- 

tions of radionuclides in the soil. During the second visit (nay 1981), the 

excavated area under the High Bay area (see Fig. 10) was surveyed prior to 

backfilling operations. During this visit, soil, concrete, I x k ,  and rebar 

samples were collected by ANL personnel from contaminated areas of the SRE 

excavation. Regions IV, V, VI, VII, and I also were surveyed during the second 

visit, and the soil and watcr samples from Region VII were collected. Three 

additional samples, 10-R57 through 10-S59, &ere setst by Rockwell personnel to 

ANL for analysis after the second visit. 

During subsequent decontamination work, radioactivity was found to hnve 

migrated along a crack under colunra 11-D on the east side of the High Ba7 area. 

Soil sample; 10-S92 through 10-S1OL were collected by Roekwell per:onnel after 

they had cleaned various portions of this crock. These samples were sent to ANL 

for analysis. 

During the third visit to 1-he site (October 1981), the soil used in the 

backfilling operation was surveyed, as were areas previourZp found with elevated 

activity. Soil sarples 10-S103 through 10-S108 from the soil that was used as 

backfill in the High Bay area were subseqaently sent to AKL by Rochell personnel. 

A holdup tank south of the hot cell was a180 r m v e d  after the visit. This tank 

had been used to coliect and ntore shower watcr during the operation of the 

reactor. Eight soil 8amPle8, 10-S109 through 1043112, were taken from the sides 

and bottom of the hole after the tank was r m v e d .  

During the fourth visit (July 1982), the SRE building was suroeyed. The 



floors and walls of the High Bay and Low Bay areas were surveyed to the ceiling 

with the aid of a Condor mn-lift (see Fig. 11). In a11 other areas of the SRE 

building, floors were surveyed and the walls were surveyed ta a height of 2 m 

(7 ft). A representative selection of accessible overhead structures such aa 

pipea, vents, and light fixtures were surveyed throughout a11 of the SRE 

building. Air samples were collected in the SRE during this visit. The floors 

and roofs of the SRe and paved areas in Regions 11, 111, IV, V, VIII, IX, and X 

were surveyed with portable instruments. As seen in Figure 12, the excavated 

areaa had been backfilled to grade level and the parking area was paved before 

the visits by the survey tear in the surtr of 1982. 

During the final visit (September 1982)~ the sumfrees of floors were Bur- 

veyed, and wal1s were surveyed to a height of 2 m (7  ft) in the ancillary 

buildings 041, 163, and the floor of pad 687 was uurveyed (see Fig. 4). Again a 

representative selection of accessible overhead structures was surveyed in these 

bbildings. Air samples were collected and the ambient radiation levels in the 

various buildings were measured. 

The results of all five survey trips, together with the inveatigator'n 

conclusions, are irrcluded in this report. Three other site locations at SSFL 

were also investigated by ANL/RSC. The post-remedial-action survey report for 

the Building 003 Hot Cave Facility is presented in a companion report (ANL- 

OHS/HP-83-109). The report for the Kinetic Experiment Water Boiler Facility 

(KIZWB) is presented in MiL-OHS/HP-83-110. The report. for the Systems for 

Nuclear Auxiliary Power-8 (SWAP-8) will be presented in a fourth report (ANL- 

OHS/HP-84-102). 

Five types of portable survey instrurcnts were used to conduct the direct 

radiolo~ical surveys. Two sizes of gas-flow proportional detectors were used 

with Eberline FAC-4C-3 electronics to monitor for alpha and/or beta-gaima radia- 

tion. The larger floor monitor probe with 8 325-a2 detection area (AC-22)  as 

used to survey the floors, roofs, and paved parking area. and roads. The smaller 

probe with a 51-cm2 detection area (AC-21) was used to survey the walls, over- 

head, and any areas inrcce~aiblc with the floor monitor. NaI crystal detectors, 

2 in diameter by 2 r thick (Eberline PG-2 detector with Eberline PRM-5-3 

electronics), were used to monitor for low-energy x and gaermr radiation as close 



to the surfaces as possible (usually 1 cm from the surface). NaI crystal de- 

tectors, 1 in diameter by 1 in thick (Eberline PRH-7 pR meter), calibrated witb 

a "'~a standard source, were used to aeasure the ambient external penetrating 

radiation field (in units of @/h) approxinmtrly 1 r (3 ft) from the walls and 

floors. All accessible areas, both indoors and out, were surveyed with the 

above instruments. An end-window Geiger-Flueller (GH) dehectdr (Eberline HP 190 

with a 7 mg/cm2 window and Eberline 530 electronics), calibrated with a *"~a 

standard source, war: used to measure the contact exponure rate (mR/h) of the 

contaminated areas. All instruments are described in more detail in Appendix 1. 

Although 299h and @OS~-@OY standards were used to calibrate the gas-flow 

instruments, it should be noted that the numerous isotopes that could be 

encountered exhibit emission energies differing from those of the standards used 

in the calibrations. Thus, when detecting known isotopes that emit beta energies 

differing from those of the standards (such as U), a conversion 'actor for those 

particular radionuclides was used to determine the appropriate yield. The 

methods used to determine the conversion factors are described in Appendix 2. 

All readings of disintegrations per minute per 100 cm2 (dis/rin-100 cm2), as 

reported in Table 1, are equated to O O ~ r - @ O ~  unless stated otherwise. Since 

instrument calibrations were to infinitely-thin, flat-plate standards, ali 

reported readings should be regarded as mitima1 values; no corrections were made 

for absorption by surface media. 

When poasible, the isotopes of contamination were identified by performing 

a gamma-spectral analysis (using an HD-6 portable spectroeteter described in 

Appendix 1) on the contaminated area or item. 

Smear Survey 

Dry smears were taken at selected locations throughout the three buildings 

surveyed. Smears were taken on original structures and cosponerts such as 

walls, floors, pipes, and vents. All standard smears were taken with Whatsan 

No. 1 filter paper, 4.25 cm in diameter. A standard smear is accotqlished by 

applying moderate pressure with the tips of the first two fingers to the back of 

the filter paper and then rubbing the paper over the surface. Smears of 

- 1000 cm2 (1 ft2) were normally taken. A smear of 100 cm2 was taken from any 

area or object that had an instrument reading higher than "nomal" bacrgrouad, 

or if there was excessive dirt or duat in an area. 



Three different instruments were used to measure (count) the contamination 

on the smears. They were first counted in group. of ten using a 10-wire, flat- 

ptate, gas-flow, proportional detector devc:loped at ANL. This instrument detects 

alpha and beta particles and x- and gamam-rays. Additionally, two smears of 

each group were removed and counted -a the sensitive Nuclear Measurements 

Corporation 21% Internal Gas-Flow Proportional Counters (PC-3A, PC-5, also 

referred to as PC counters), using an aluminized Mylar window (Hylar spun top) 

over the amear paper. Smears were cwmted in each detector for both alpha and 

beta-gar~u activity. These instruments are described in detail in Appendix 1. 

Air samples ("grab" samples) were collected with a commercial vacuum 

cleaner modified at ANL for use as a particulate air-sampling device. A flow 

rate of 40 cubic meters per hour (m3/h) was used. A 10% portion (5 cm in 

diameter) was removed from the filter medium after collection and counted for 

both alpha and beta-gama activity in the PC counter. The counting results were 

used to determine tke concentrations of radon (222~n), thoron (220~n), radon 

progeny Working Lrvels (WL), and the concentration of any long-lived radionu- 

cli?c?s. Infomation and assumptions used to determine the radon concentrations 

ari presented in Appendix 3. Separate air samples vere collected with a 

positive displacement pump to check for the presence of actinon. 

Ambient External Radiation 

A Reuter-Stokes, RSS-111, pressurized ion chamber was used at selected 

locations to monitor the ambient external penetrating raCiation level at I m 

(3 ft). 

Sample Collection - 

As indicated above, samples vere collected during all phases of the ovez- 

view of DM operations and during the post-remedial-action (certification) 

surveys. Three 1-ft deep environmental soil core samples were collected from 

three locations (10-S12 through 10-514, see Fig. 4) in November 1979, before the 

excavation of Building 143. At each location a golf-green hole-cutter was used 



to obtain the sample. The sample waa taken in three 2-In segments labeled A, B, 

and C. A final segment from 6 in to 1 ft was labeled D (see Fig. 20). 

Thirty-one samples were collected in May 1981, (see Figs. 13 and 14) during 

the excavation and before the backfill operation. The soil samples were taken 

to about a 2-in depth with a small hand trowl. Concrete samples were taken with 

a hamarer end chisel (see Pig. 15) by removing part of the contaminated material 

that had been located while surveying the south wall (see Fig. 16). The rock 

sample was collected by chipping with a rock hammer (see Fig. 17). The rebar 

sample was removed by a Rockwell eanployee with a torch (see Fig. 18). The water 

samples were collected in 1-2 Nalgene bottles. Twenty-nine soil and rock 

samples from the excavated area and from the backfill soil were collected by 

Rockwell personnel as requested by ANL Health Physicists and sent to ANL for 

analysis (see Fig. 19). 

An additional eight samples were collected by the ANL survey team during 

the post-remedial-action surveys in July and September of 1982. The asphalt 

sample (see Pig. 8) was collected using a harmaer and chisel to remove part of: 

the paving material that was contaminated. Sludge samples from the sanitary 

sewer main were obtained by opening the two access points closest to the SRE 

brSild;ng and removing water and sludge with a long-handled scoop and a small 

bottle. The sludge samples from the storm sewer were made by collecting the 

moisL dirt and rubble below the storm grates with a small hand trowel. The two 

sand samples (see Fig. 22) were taken from the east heating ventilation and air 

conditioning unit in the Low Bay area (the left unit in Fig. 9) with a long- 

handled scoop. 

Sample Preparation 

The soil samples, the three sludge samples from the s t o w  sewer, and the 

sample 10-R02VR-57 were prepared for analysis by weighing each sample in its "as 

collected" state, drying it for approximately 48 hours at 80°C, and then re- 

weighing the sample to determine dry weight. Each sample was then put into a 

mill jar (8.7 Q), and milled for up to two hours. At no time were any rocks in 

these samples crushed, ground or pulverized, since this would act to dilute, and 

hence lower, the reported concentration of deposited radioactive material. 

After sufficient milling, the sample material was sieved. Each fraction (rocks 

and dross vs. fines) was bagged and weighed separately (see Fig. 20). 



The rock sample 10-ROCX-47 and concrete samples were ground since the 

radioactivity was impregnated in the material itself. The rebar, acphalt, and 

sand samples, and the water and sludge samples fron the sauitary sewer main, 

were sent directly to the MI. Analytical Chemistry Laboratory (ACL) for analysis. 

Weighed aliquot. of the milled fines and ground rock and concrete were 

loaded into acrewtop plastic container* for analysis. Aliquots of 100 8 were 

prepared for garrcr-spectral analysis, and 5 g for radiochemical (fhorometric) 

analysis. Every eff~rt was u d e  during sample preparation to prevent cross- 

contamination. Soil samples suspected of containing elevated levels of radio- 

activity were processed in equipment separate from the soil sa~ples considered 

to contain background levels. All processing equipment was scrubbed and air 

drird before introduction of the next sample. 

The water samples and sludge samples from the sanitary sewer main were 

separated by ANL-ACL into suspended solids and dissolved solids. Each part of 

the sample was analyzed separately. 

Sample Analyses 

All samples, except 10-REBAR-34, were analyzed in the ACL by radiochemical 

separation of uranium followed by a laser uranium-fluorometric technique to 

determine total uranium concentration (pg/g). All samples were analyzed by a 

high-rcrsolutian gamma spectrometric technique used to identify and quantify 

reactor fission and activation producre such as cesium ("'cs), cobalt (60~o), 

aad europium (lS2JIu) and to quantify radium (226~a) and thorium (232~h) conctn- 

trations (p~i/g) found naturally in all soils. A few selected samples also were 

analyzed by radiochemical separation followed by an alpha spectrometric technique 

to quantify americium (P41Am), plutonium (2Se'24"~), and thorium (22B~h, 2 3 0 ~ h  

and 232Th) isotopic concentrations (pCi/g). Host of these selected samples and 

a few others were analyzed by radiochemical separation followed by a gross beta 

technique to quantify strontium (OOsr). One aample also was sent for mass 

spectrometric analysis to quantify the atom percent of the urani: a isotopes 

(254~, 23s~, 2s8~) because of a discrepaocy between the gamma spectrometric 

226~a result and the total uranium as measured by the uranium fluorometric 

technique. Soil preparation end analysis techniques are described in more 

detail iu Append?= 4. 



General 

The PAC-4G-3 instrument readings recorded during the suweya have been 

normalized to units of disintegrations per minute per 100 square centimeters 

(dis/min-100 cm2) using the factors derived in Appendix 2. The readings are 

equated to @ O ~ r - @ 9  unless otherwise noted. The PAC-4G-3 readings are reported 

in net disintegration rates; i,e., the background count rates have been sub- 

tracted from the g r ~ s s  count rates prior to conversion to dis/min-100 -'. 
Since all alpha readings were measured at the background level, it was not 

necessary to correct for alpha contribution to the beta-garma readings. All 

smear results &re reported as background (BKGD) in Table 1. Since all the 

smears gave background readings, the actual dis/rnin-100 cm2 have not been 

calculated. 

As expected, the background levels varied somewhat. The average background 

readings for all ins* cments used in the survey are given in Appendix 1. The 

fraction of the surface area accessible for survey varied from room ro room. 

Percentages of the total area that were accessible for survey are indicated in 

Table 1. 

Instrument and Smear Survey 

During the confirmatosy overview survey in nay 1981, the direct radio- 

lagical sumey instruments indicated the presence of contaminated locations in 

the areas excavated to remove the reactor below the High Bay area and in the hot. 

cell east of the High Bay. Those locations were subsequently excavated to a 

greater depth. 

During the post-remedial-action surveys in July and September 1982, 46 

locations with elevated levels of radioactivity were identified with the survey 

meters. Twenty-nine of the contaminated locations were in the Building 143 High 

Bay and Low Bag arere. These areas are located in Figures 22 through 25. Four 

other locations were identified in other parts of the SRE (see Fig. 27). The 

instrument readings are given in Table 1 by location nuiber. Sixteen of these 

locations exceeded acceptable limits for residual contamination given in 

Appendix 6 .  These areas of elevated activity are also listed in Tahfe 2. Samoa 



spectral analysis at two of theee location* (e.g., 6 in Fig. 23 and 9 in Fig. 27) 

indicated the presence of 1s7~s-1s7%a. In one location (149 in Fig. 27), the 

contaminant was identified as normal uranium. All smear locations and areas of 

elevated activity are shown in Figures 22 through 26 for the High Bay and Low 

Bay areas. Figure 21 is an exploded view of the bay areas. The light fixtures 

in the High Bay area were known to be contaminated. Since they were still in 

place at the time of the survey, several of thewe fixtures were checked for 

contamination during the overhead survey. These fixtures are included among the 

29 contaminated locations in the bay areas. The smear locations for the SRE 

r ~ o f s  and the exhaust pipe from the hot cell exhaust equipment room (170) are 

shown in Figure 28. The smear and contaminated area locations for the remainder 

of the first floor of SRE are shown in Figure 27. Figure 29 locates the smears 

token on the mezzanine (second floor) and in the hot cell (below the High Bay 

area). 

Building 041 had seven areaa of ele-rated activity, with four of these above 

acceptable limits of contamination (see Fig. 30 and Table 2). Pad 687, behind 

Building 041 (see Fig. 4) bad two areas of activity above acceptable limits (see 

Fig. 31 and Table 2). Four locations with activity above acceptable limits, two 

in Region 11 and two in Region IX, were identified in the paved areas (see 

Fig. 27 and Table 2). The paving in the northwestern corner of Region IX was 

removed and the area was in the process of being decontaminated. During the 

September visit, this area was checked and residual contaminatiou was found as 

indicated in Table 2. The locations of smears taken in Building 163 are shown 

in Figure 32. 

All 46 locations with elevated levels crf radioactivity were cleaned to 

below detectable limits by Rockwell personnel before termination of the post- 

rewdial-action survey. 

Air Samples 

A total of nine "grab" air samples wet- collected during the two visits in 

1982. The results of the radon and thoron concentrations acd the Working Level 

(WL) determinations are given in Table 3. The locations where samples were 

collected are idenlified in Figures 23, 27, 29, 30, snd 32. Five samples were 

taken with the positive displacement pump as indicated in Table 2. The location 

of these samples was the same as the corresponding lacations of the "grab" 



samples. No actinon progeny was detected in any air sample. The radon progeny 

level, ranging from 0.0005 to 0.0125 WL, was below the 0.02 Wi (including 

background) level stated in 40 CFR Part 192.12 as the ob.iective of remedial 

action. Radon (222Rn) concentrations, ranging from 0.05 to 1.25 pCi/a, and 

thoron (220~h), ranging from 0.002 to 0.027 pCi/ll, were below the IS pCi/Jl and 

1Q pCi/ll concentrations respectively, specified i,n the W E  5480.1, Chapter Xi 

"Requirements for Radiation Protection" for uncsiltrolled areas. There was no 

long-lived activity above detectable limits. Therefore, the air samples were 

all within acceptable levels for uncontrolled areas as specified in the regu- 

latory guidelines given in more detail in Appendix 6. 

Ambient External Radiation 

The ambient external penetrating radiation levels that were measured in 

five locations, as indicated in Table 4 and Figures 23, 30, and 32 ranged from 

9 -9 t9 13.5 pR/h. The PRH-7 background measurements were approximately 15% 

below these readings. 1x1 both cases, the ambient external gamma rediation 

levels were below the 20 pR/h above background standard set in 40 CFR 192.12 for 

occupied buildings (see Appendix 6). 

Material Samples 

A total of 62 soil samples were collected from the SRE area, either by the 

ANL survey team or by Rockvell personnel, and sent to ANL for analysis. Three 

environmental samples, 10-S12 through 10-S14 (each collected to a 1-ft depth and 

divided into four sections) were taken in November 1979 to determine the local 

zoncentrations of radionuclides. The collection points are shown in Figure 4. 

The sample weights are listed in Table 5. The results from the g a m a  spectro- 

metric and uranium fluorometric analyses are given in Table 6. These samples 

contained concentrations of the 2 3 2 ~ h  decay chain, the 226Ra decay chain and 

uranium normal for soil from this area of the country. However, the concen- 

tration of 1 3 7 ~ s  in the soil samples Id-S-12B through 10-S-12D, from 5 cm (2 in) 

to 30 cm (1 ft) below grade level contained approximately twice the normal 

concentration. Two of these environmental samples (10-S-12C and 10-S-13D) had 

low, tut detectable, concentratioos of 60~o. The maximum 1 3 7 ~ s  concentration of 

these three samples (1.56 pCi/~) waa well below the "Interim Soil Limits for D m  



Projects" of 80 pCi/g as rec~lended in LA-UR..79-1865-Rev. The 6 0 ~ o  concen- 

trations, less than 0.1 pCi/g, were well below the accepted limits for residual 

radioactivity for beta-gamma emittera of 100 yCi/g even when combined with the 

'CS conccntra t ion. 

Twenty-two soil samples, five concrete samples, a rock, a rebar, and two 

water samples (10-S-29A through 10-5-56) were taken by the ANL team in Hay 1981 

during the concurrent-remedial-action survey while SRE was excavated. The 

sample locations are shown in Figures 13 and 14. The sample weights are listed 

in Iable 5 and the gauma apectroaetric analyses for 13'cs, 232Th, and 226Ra, and 

the uranium fluorometric analysis are presented in Table 6. The samples 

analyzed for induced 'OS~ activity and those found by ganma spectral analysis to 

have induced 13'cr, 'OCO or l S 2 ~ u  are presented in Table 7. The samples with 

elevated 13'cs concentrations (10-S-31, 10-5-48, 10-C-37A and B) were taken from 

areas that gave elevated readings on the portable survey instruments. Three of 

the samples also had elevated concentrations >f d O ~ o  or 'OS~. Suspect samples 

were also analyzed to determine the plutonium (23Q*240~~) and americium (24'~m) 

concentrations and the thorium isotopic (228Th, 230Th, and 232~h) concentra- 

tions. The plutonium, americium, and thorium were chemically separeted and the 

relevant concentrations were determined by alpha spectrometric analysis. The 

results presented in Table 8 indicated negligible concentrations of plutonium 

and americium. The 2327h is in equilibrium with 2 2 8 ~ h  and in concentrat~ons 

expected ts occur naturally. 

Sample 10-S-31 was taken from a pit that contained drain lines. One soil 

sample, 10-S29-A, had a slightly elevated uranium concentration. This sample 

was taken from another pit in the SRE building (see Fig. 13). For natural 

uranium, there should be 5.6 f 0.5 pCi/g of uranium for 2.8 2 0.2 pCi/g of 226~a 

in 10-S29-A where 8.0 f 0.3 pCi/g was actually measured. To check the abun- 

dances of uranium isotopes, a mass spectrometric analysis was performed to check 

for possible contamination by depleted or enriched uranium. The results given 

at the bottom of Table 6 indicate isotope ratios found naturally. To further 

check for the possible contamination by normal uranium (uranium with isotopic 

abundance6 found in nature but separated from its long-lived decay products), 

three additional samples, 10-857, 10-S58, acd 10-S59, were sent to ANL by 

Rockwell personnel from the same pit as requested. The locations of all the 

samples collected by Rockwell personnel (i0-ROCK-57 through 10-S-59; 10-592-24 

through 10-5112-8.0 and 10-S130) are shown in Figure 19, end the results of the 



analyscts are presented in Table 6. All three samples indicated the expected 

uraniu.~/radium ratio. The concentrations of both radionuclides were slightly 

lower in these samples than in PO-S29-A. However, they were similar to the 

results from 10-S29-B. The plutonium concentratian was low and thorium isotopic 

abundance8 for these samples indicated natural thorium (see Table 8 ) .  

During the decontamination work, activity was found to have migrated along 

a crack (an area of high permeability for radionuclides through the soil) under 

a column 11-D on the east side of the High Bay area. The contaminated crack 

continued cast of the building, then down to a deeper level, where it doubled 

back into the High Bay area and then under Column 11-D again and out of the east 

side of thz building. Eleven soil samples, 10-592 through 10-S102, were col- 

lected by Rockwell while the firm was decontaminating this "crack." The results 

of the analyses indicate that the crack was decontaminated to background concen- 

trations of soil radionuclides. The sample number system consists of four 

parts: a site designation (10); fi sample-type designation (S for soil); a 

sequential number (92 through 102); and a depth indicator (24). Therefore, the 

samples from the decontamination of the crack were taken between 24 and 33 ft 

footing for Column 11-D was 20 ft below grade below grade level. The top of the 

level. 

During the backfilling operat 

were collected from 16.4 ft and 19 

ions, six soil samples, 10-S103 through PO-Sl08, 

. 7  ft below grade level as requested by ANL-RSG. 

The concentrations of the radionuclides iu all of these samples were at back- 

ground levels. A small 1000-gallon hc ldup tank was removed from south of the 

hot cell. After the tav.1: was removed, tight soil samples were collected for 

analysis. One sample, 10-5109-4.0, .ied a slightly elevated 13'cs concentration, 

3.99 pCi/g. The rest of the results of the analyses of these soil samples 

indicated background cozcentrations of radiounuclides . After the pit that 

contained the drain lines was finally decontaminated, a final sample, 10-S130, 

was collected. In Hay 1981, sample 10-831 had been collected from the same pit. 

The gamma spectral results indicated that the 13'cs concentration had been 

reduced from 680 f 50 pCi/g to background levels. As indicated in Table 7, the 

9 0 ~ r  concentration was reduced from 4490 f 1050 pCi/g to 4.8 f 0.5 pCi/g. 

Although this concentration is still above background levels, it is below the 

100 pCi/g limits for reridurl radioactivity for beta-galemr emitters that have 

been accepted for this site. 



During the survey visits 'n July 1982, three samples were collect-.d from 

contariartcd areas. One, 10-ASPHALT-113, was removed from the parking area in 

Region 111 (see Fig. 8). The contamination, identified as 1 3 7 ~ s  (see Table 61, 

appar-ntly was from a spill during either the operation or cleanup of the SRE 

area. The radioactivity was detected with portable survey instruments and is 

idk-ntified as a point of elevated activity (No. 161 in Fig. 27). The contamr- 

nation near this spot aud an adjacent spot (160), iodtcated that rainwater had 

prcbably wclshed some of the radioactivity into the storm sewer system. This 

contaminated area was cleaned to below detectable limits as indicated by a 

survey of the area in September 1982 ~ i t h  portable instruments. The other two 

samples, 10-SAND-114 and LO-SAND-115, were taken from inside the east heat.ing 

ventilation and air conditioning unit. The unit was located in the Low Bay 

area, as seen in Figures 9 and 22. The samples contained elevated levels of 

13'Cs and '"Co (see Table 7). These levels were considered significant, 

particularly in an air circulation unit. Therefore, the two air treatment units 

were removed and disposed of before the termination of the survey in September. 

During the final trip rn September 1982, five samples were taken from the 

saniLary sewer main and storm sewer drain access points (see Fig. 8) adjacent to 

the SRE building. TLc storm drain samples, 10-SS-125 through 10-SS-127, con- 

tained 137Cs contamiuation, as expected (see Tabl- 7), due to rain water washing 

the 1 3 7 ~ s  contamination located at 13-ASPHALT-113 into the storm drain lines. 

One sanitary sewer sample, 10-SS-128, contained elevated levels cf '%r and 

137~s. The s O ~ r  contamination of 4.7 f. 0.5 pCi/& in the dissolved solids is 

appro.rimately half the 10 pCi/& soluble water concentration recommended for 

controlled areas and approximately 15 times the 0.3 pCi/d soluble water con- 

centration reconmended for uncontrolled areas as stated in W E  5480.1 Chg. 6, 

Chapter XI. The other m-nitary sewer sample, 10-59-129, contained elevated 

levels of 137Cs and uran. UIII (see Tables 6 and 7). According to the NRC 

"Guidelines for Decontamination of Facilities and Equipment Prior to Release for 

Unrestircted Use or Termination of Licenses for 3y-Product, Source, or Special 

Nuclear Uaterial," dated July 1982, the interior surfaces of drain lines should 

be assessed for contamination at appropriate access points. Past health physics 

experience has indicated thct the contamination level found at such access 

poiurs is often lower than that found in straight runs. Therefore, it is assumed 

t b t  although the 1 3 7 ~ u  and uranium contamination found in the sample6 from the 

two sewer systems is low, it is a Zurther indication that the sewer lines are 



indeed contaminated. The level of contamination is unknown. Past experience 

has also s h o w  that use of powered plumber's snakes, high-volume water flushing, 

and detergenttt ate ineffective decontamination procedttres. Therefore, these 

opticus cannot be assunud to be adequate in this instance, Health PLvsics 

experience has also noted contamination in the effluent from similar sewer 

systems intermittently for many ?Ears. 

CONCLUSIONS 

Tn view of the concurrent and post-remedial-action surveys, the following 

conclusions can be stated: 

I) All the buildings and areas included in this decommissioning project (those 

within the heavl black lines in Figure 3, except Building 133) have been 

decontaminated to below the limits specified in the draft ANSI Standard 

N13.12 and thr NRC "Guidelines for Decontamination of Facilities and Equip- 

ment Prior '.o Release for Unrestricted Use or Termination of Licenses for 

By-product, source, or Special Nuclear Material," dated July 1982. 

2) Radioactive contamination was foturd in appropriate access points of the 

sanitary sewer and storm drain systems included within the boundaries n* 

this decouenissioning projr t. One sample indicated a @ O S ~  concentration 

dissolved in the water of approximately half the reconmended water concen- 

tration for controPled arras and approximately 15 times the recoumrnded 

water concentration for uncot"~o1led areas as stated in WE-5480.1 Chg. 6, 

Chapter XI. Therefore, the intcrior inaccessible surfaces of these systems 

mvst be considered contaminated in accordance wrth statements found in the 

NRC Reguldtory Guidelines issued in July 1982. Effluent from the outfall 

of this drain system must also be considered as being potentially contami- 

nated. 



1 .  U.S. Depsrtaent. o f  Energy. 1982. "Sodium Reactor Exper iwnt  Decolrmissioning 
Environmental Evaluation Report." R o c b e l l  Internat ional ,  Energy Systems 
Group DOE-SF-4 (ESG-DOE-1?367). 
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DATA SHEET OF AREA SURVEYS 
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NA 

0.12 

0.18 

0.04 

0.04 

Smear Res 
(dis/min 
100 cm; 

BKCD 

NRR 

20 

20 

NRR 

BKCD 

5000 NST 

BKGD 

BKGD 

BKGD 

BKGD 

Air Sample 9 

Not part o f  
t h i s  project 

-- 
0 

locat ion 160, 
13 '~8 ,  A s p b l t  

Location 161. 
' 3 7 ~ s ,  Asphalt 

Location 162, 
4sphalt 

1 
I 

I 
corner, 
Region IX 

Location 163, 
Lsphalt 

i 
A l l  other 
areas 



FOOTNOTES FOR TABLE 1 

a 
The beta mode direct readings and alpha m d e  direct readings ware taken with 
PAC-4G-3 instruments. The beta mode detects both electromagnetic and particu- 
late radiation. If an area indicated a higher count rate than tke area back- 
ground, a beta-mode reading was obtained. The instrument was then switched to 
 he alpha mode, and a reading of the alpha contamination was obtained. In the 
alpha mode the instrument only responds to particles with high specific foniza- 
tion, such as alpha particles. The beta-mode readings are compensated for any 
alpha contribution by subtracting the alpha-mode reading from the beta-mode 
reading. The area background is subtracted in both the alpha- and betamrode 
readings to obtain the net readings. 

b~~~~ = Background. The following are the nrrmal area background readings for 
each instrument. 

Beta node Alpha node 
Floor Monitor 1500-2000 cts/min-325 cm2 0-50 cts/min-325 em2 
PAC- 4G-3 200-400 cts/min-51 cm2 0-5 ctsimin-51 cm2 
PC-5 Counter 19.0 f 5.9 cta/min* 0.3 f 0.3 cts/min* 
PC-3A Counter 64.0 f 5.6 cts/min* 0.4 f 0.3 cts/min* 
10-Wire 568.9f16.9 ctsjmin* 2.9 A 1.2 cts/min* 
PRM-5-3 1000-2000 cts/min 
PRH- 7 10-15 pR/h 
Gli End Window Detector read 0.01 to 0.03 mR/h at floor level. 

C 
NA = Nonapplicable. No contamination was detected above background in the beta 
mode; therefore, no alpha mode or contact GH End Window survey was necessary. 

a = Alpha 
$y = Beta-gamna 
(The beta-gamna readings ere compensated for anv alpha contamination by oub- 
tracting the alpha reading. The background count rate is subtracted in both 
readings.) 

e 
NST = No smear taken. 

fNRR = No reading recorded. 

%S = Not selected, indicating that the room or area was not selected for an air 
sample. Locations of air samples were chosen on a selected basis throughout 
the areas surveyed. 

-. .. - 
*One standard deviation due to counting atatistics. 



TABLE 2 

LOCATIONS WHERE RESIljUAL CONTAXINATION EXCEEDED ACCEPTABLE LIMITS 

PAC Readings Cn Pm-5-3 Smear Results - 
Location (dis/min-100 em2) Readings PRM-7 w/PG-2 (dis/min-100 cr21 

Building Number Beta-gamna Alpha (a/h) (IJR/h) (cts/min) Beta-g- A l p h a  

SRE - High Bay 
South Wall 1 2500 BKGD. 0.03 NRRb 1000 BXGD BKGD 

(8 11 2 2500 BKGD 0.02 NRR BKGI) BIlGD 
11 IT 

BKGD 
3 8000 BKPa 0.03 NRR BKGD BKGD BKGD 

f @  11 4 2500 BKGD BKGD HRR BKGD BKGD BKGD 

North W a l l  138 3000 BKGO NRR KRR BKGD BKGD BKGD 
North Wall 200 2500 BKGD 0.035 NRR 3500 BKGD m a  

Floor 
Floor 

6 10,000 BKGD 0.035 NRR 4500 BXGD BXGD 
8 3000 BKGD 0.07 NRR BKGD BKGD BKGD 

Ceiling 157 f COO BKGD 0.05 NRR BKGD U G D  BKGI) 
t l  197 7000 BKGD NRR NRR BKGD BKGD BKGD 
@I 205 5000 BKGD 0.04 NRR BKGD BKGD BKGD 
f t 206 3000 BKGD 0.05 NRR BKGD BKGD BKGD 

SRE; First floor 9 13,000 BKGD 0.08 NRR 2500 BKGD BKGI) 
I* I 1  10 3000 BKGD 0.05 NRR 1500 BKGD BKGD 
S f  11 11 3000 BKGD 0.04 NRR 2000 
I t  11 

BKGD BKGD 
149, 26,000 BKGD 0.07 15 4500 BKGD BKGD 

Bldg .  041 23 1 13,000 BKGD 0.08 NRR 10,000 BKGD BKGD 
232 17,000 BKGD 0.04 NRR 6000 BKGD BKGD 
233 3000 BKGD 0.04 NRR 3000 BKGD BKGD 
234 3000 RKGD BKGD NRR BKGD BKGD BKGD 



TABLE 2 
(cont'd.) 

PAC Readinxs Gtl PRH-5-3 Sacar Results 
Location (dis/~in-100 em2) Readings PRH- 7 w/PG-2 (din/min-100 anZ) 

Building Number Be ta-gamna Alpha mi/ h) (m/h) (cts/min) Beta-gamma Alpha 

299 61,000 BKGD NRR NRR BKGI! NST' NST 
300 14,000 BKGD NRR NRR BKGD NST NST 

Paved Areas 160 30,000 EKGD 0.12 20 7000 BKGD BKQ 
16 1 30,000 BKGD 0.18 20 14,000 BKGD BKGD 
162 11,000 BKGD 0.04 NRR 2500 BKCI) BKGD 
163 11,000 BKGD 0.04 NRR 2300 B Y 0  BXGD 

Northwest Corner 
Region IX 

1000 BKGD BKGD 25 10,000 NST NST 
W 

a 
BKGD = Background. The background readings for each instrument are given in the footnotes for Table 1. 

- 1 
b~~~ = No Reading Recorded. 

%ST = No Smear Taken. 
' . 



TABLE 3 

RADON DETERHINATIONS 

Air dis/min-m3 
Sample Alpha 2 2 2 ~ ~  22“Rn 21% 

Number Location Figure (100-min) (pCi/B) WLa (pCi/P) (pCi/B) 

High Bay 

Room 101 

Room 213 

Hot Cell 

High Bay 

Bldg. 41, Horth 

Bldg. 41, South 

Bldg. 163, East 

Bldg. 163, West 

a 
A Working Level (WL) ia defined an any combination of short-lived radon daughter products ia 1 
liter of air that will result in the ultimate emission of 1.3 x los MeV of potential alpha energy. 
The numerical value of the WL is derived from the alpha energy released by the total decay through 
RaC' of the short-lived radon daughter products RaA, RaB, and RaC at radioactive equi1ibri;im with 
100 pCi of 2 2 ~ n  per liter of air. 

bND = Not Detectable by the positive displacement pump. 

c 
NS = Not Selected for actinon determination. 
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TABLE 4 

AXBIENT RADIATION LEVELS 

Integrated Integrated 
Reading Time Rate 

Sample Figure (ctN (hour) (pR/h) Building - 

13 High Bay 
East 

13 High Bay 
West 

3 30 5 8 4.67 12.6 041 ,  North 

4 30 2 7  2 13.5 041 ,  South 

5 3 2 5 6 5.67 9.9 163, East  



TABLE 5 

SAMPLE WEIGHTS 
(grams) 

Rocks 
Wet Dry Sieved  and 

Sample N o .  Weight Weight Weight Dross 

SOIL 

760 
411 
597 
2490 

806 
330 ' 

373 
911 

612 
447 
999 
690 

1568 
1691 
1200 
1404 
274 

1696 
1198 
1458 
1379 
1889 
1239 
2368 
1237 
1417 

i973 
1723 
2600 
1900 
1642 
1142 
1693 
1126 
853 
1327 



TABLE 5 
(cont' d. ) 

Rocka 
Wet Dry Sieved and 

Sample No. Weight Weight Weight Dross 

SOIL (continued) 

CONCRETE 



TABLE 5 
(cont'd.) 

Rocks 
Wet Dry Sieved 

Sample No. - Weight Weight and Weight Dross 

SEWER SLUDGE 



TABLE 6 

GAMiA SPECTML ANU URANTUH-FLUOROHETRIC 
ANALYSES OF SAHPLICS 

Gamma Spectra (pci/gfua) 
2 3 2 ~ h  2 2 6 ~ a  Uranium Fluorometric 

Sample Decay Decay b 
No. 13'cs Chain Chain (pg/gflO%) (pCi/gf 10% ) 

BACKGROUND SOIL 

O_.43+O.O5 
BDL" 
BDL 
BDL 

1.18 20.21 0.78f0.08 
1.28 f0.14 0.64f0.07 
1.00 29.15 0.5120.07 
0.73 f0.21 0.51f0.08 

SOIL 
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TABLE 6 
(cont' d .  ) 

Gama Spectra (pci/g20a) 
3 2 ~ h  2 2 6 ~ h  Uranium Fluorometric 

Samp 1 e Decay Decay 
No. lS7cs C h i n  Chain (pg/gf 10%) (pCi/gf 10%) 

b 

- 

< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
< 0.03 
BDL 
BDL 
BDL 
RDr, 
BDL 

< 0.03 
BDL 
< 0.03 
< 0.03 
BDL 
BDL 

< 0.03 
3.0920.31 

< 0.03 
< 0.03 

0.51f0.05 
< 0.03 
BDL 

O.32fO.05 



Gamma Spectra ( p ~ i / ~ f a ~ )  
* 3 2 ~ h  s ~ a  Uranium Fluorometric 

Sample Decay Decay 
13'cs Chain 

b 
No. Chain 

CONCRETE 

WATER & SEWER SLUDGE 

Suspended Solids 

Dissolved Solids 

OTHERS 

BDL' BDL 
0.2590.08 0.11f0.03 
0.46f0.07 0.8820.09 



a 
One standard deviation due to countina statistics. 

b A N ~  coaversion from Appendix 5. 

C 
BDL = Below Detectable Levels. 

*nrss spectrometric analysis yielded normal uranium isotopic ratios 
( 2 3 4 ~  - 0.004% t 0.002%. 235U - 0.724% * 0.007%. 2 3 m ~  - 99.272% * 0.02%). 



INDUCED RADIOACTIVITY CONCENTRATIONS OF SAXPLES 

Chemical Separatioa 
a 

Gamma Spectra (pCi/gfo ) & Gross Ecta O0sr 
S a m p l e  (pCf /g*a) 
No. 13'Cs "OCO lS2Eu 

1.212 0.03 
BKGD 
BKGD 
680.002 50.00 
BKGD 
BKGD 
110.002 10.00 
3.092 0.31 

BKGD 

BKGD 
256O.OOf 180.00 
490. OOf 35.00 

BKGD' 
BKGD 

BKGD 

0.0320.02 
O.Olj+O. 03 

BDL 
4.7620. 33 
2.6020.18 

BDL 
BDL 
BDL 
BnL 

CONCRETE 

2.80fO. 20 
BDL 
BDL 

SEWER SLUDGE 

0.1520.03 
0.0320.02 
BDL 

w ~ e n d e d  Solids 

BDL 
BDL 

Dissolved S o l i d s  

BDL 
BDL 

40.5028.10 
BDL 
O.44kO. 07 
5O.OOf5.OO 

B D L ~  
BDL 
BDL 
BDL 
25.7022.60 
0.4320.08 

BDL 
E DL 
BDL 

25.8022.60 
BDL 
BDL 

BDL 
BDL 
BDL 

BDL 
BDL 

B3L 
EDL 

BDL 
BDL 
BDL 
BDL 



TABLE 7 
(cant'd.) 

a 
One standard deviation due to counting statistics. 

b~~~ = Below Detectable Levels. 

C 
BKGD = Background level. (The actual concentraticus U? 13'cs are 
given in Table 6.) 

%eagent blank including strontium carrier 0.07tO. 12. 
Data not corrected for this blank. 
Aqueous portion weights are based on original solid weights. 



TABLE 8 

CHEMICAL SEPk'iATION AND ALPHA SPECTROMETRIC ANALYSIS OF SAMPLES 
(pCi/gfo) 

SOIL 

CONCRETE 

ROCK 

*Higher values result from correction for unusually high 241h values in reagent-processing blank 
samples. 



APPENDIX I 

1 .  PORTABLE RADIATION SURVEY METERS 

A. Gas-Flow Proportional Survey Meters 

The Eberline PAC-4G-3 was the primary instrument used for stxveying. This 
instrument is a gas-flog proportions1 counter which utilizes a propane gas- 
proportional detector, 51 cm2 (AC-21), 100 cm2 or 325 cm2 (AC-22) in area, with 
a thin double-aluminized Mylar window (- 0.85 mg/cm2). 

Since this instrument has multiple high-voltage settings, it can be used 
to distinguish between alpha and beta-gaarma contamination. This instrument was 
initially used in the beta mode. In that mode, the detector responds t o  alpha 
and beta paticles and x- and gamma-rays. When areas indicated a higher count 
rf.te than the average instrument background, the beta-mode reading was recorded, 
and the instrument was then switched to the alpha mode to determine any alpha 
contribution. In the alpha mode, the instrument responds only to particles with 
high specific ionization. 

The alpha voltage is set to 1600 V, and the input discriminator is set to 
1.5 mV. The instrument is then calibrated in the alpha mode with four flat- 
plate, infinitely-thin, NBS-traceable 2 3 8 ~ ~  standards, and in the beta mode with 
a flat-plate, infinitely-thin NBS-traceable 9 0 ~ r - 9 0 ~  standard. The PAC-4G-3 
instruments are calibrated to an apparent 50% detection efficiency. 

B. Beta-Gamma End Window Survey Meter 

When an area of contamination was found with a PAC instrument, a reading 
was taken with an Eberline Beta-gamrta Geiger-Mueller Counter, Model E-530, with 
a HP-190 probe. This probe has a thin pica end window and is, therefore, sensi- 
tive to alpha and beta particles and x- and gamma-rays. A thin piece of 
aluminum is added to the mica, making the window density approximately 7 mg/cm2. 
At this deasity, the instrument is not sensitive to the majority of alpha emis- 
sions. A maximum reading is obtained with the probe placed in contact with the 
area of contamination. In this position, the response (in mR/h) to gamma radia- 
tion is generally conservative relative to a determination of mrad/h at l cm. 
This instrument is calibrated with an NBS traceable "26Ra source. 

C.  Low-Energy Gamma Scintillation Survey Neter 

An Eberline Model PRH-5-3 with a PC-2 gamma scintillation detector was 
used to determine low-energy x and g a m a  radiation. The PG-2 detector consists 
of a thin NaI(T2) scintillation crystal 5 cm in diameter by 2 mn thick. This 
instrument is calibrated on three separate discriminators for three energy 
regions using 2 3 e ~ ~  (17 keV), 2'1~~ (59.5 keV) and 2 3 5 ~  (185.7 keV) sources. 
This instrument can be operated in either a differential (to discriminate be- 
tween different energy regions) or integral mode. 



APPENDIX 1 
(cont'd.) 

D. High Energy Micro "R" Scintillation Survey Meter 

An Eberline Micro "R'heter model PRM-7 was used to detect high-energy 
gamna radiation. This instrument contains an internally mounted NaI(T5i) scin- 
tillation crystal 2.5 cm in diameter by 2.5 cm thick and can be used to measure 
fields of low-level radiation between 10 pR/h and 5000 pR/h. This instrument is 
used to survey ambient background radiation. It is held I m from the surface 
during the survey. This instrument is also c~librated with an NBS standard 
2 2 8 ~ a  source. 

E. Integrating Radiation Meter 

In addition to the PRM-7, a pressurized ion chanter (Reuter Stokes Model 
RSS-111) was used at selected locations to determine the ambient radiation 
field. The RSS-111 has three output modes: (1) instantaneous exposure rate, (2) 
strip chart differential readout, and ( 3 )  integrated exposure. The chamber is 
mounted on a tripod, 3 ft (- 1 m) above the surface and has a uniform energy 
response from about 0.2 MeV to about 4 MeV. A 2-hour period of operation is 
usually suffickent to obt.?in significant data. 

11. SMEAR-COUNTING INSTRUMENTATION 

An Am.-designed gas-flow proportional detector connected to an Eberline 
Hini Scaler Model MS-2 was used to count multipie smears simultaneously. This 
detector has a double-aluminized dylar window (400 cm2) and uses P-10 (90% argon 
and 10% methane) as the counting gas. The metal sample holder for this detector 
has been machined to hold ten smear papers. This particular system consists of 
two Hini Scalers and two detectors. One is used to count in the alpha mode; the 
other is used in the beta mode. Up to ten samples can be counted simultaneously. 

Any smear taken from a contaminated area was counted individually in a 
Nuclear Measurements Corporation gas-flow proportional counter (PC-5 or PC-3A). 
These instruments have been modified to contain a double-aluminized Mylar spun 
top (window). This top is placed over non-conducting media (e.g. paper smears) 
to negate the dielectric effect on the counter. These counters also use P-10 
counting gas. Smears are counted in both the alpha and beta modes. 

The PC counters are calibrated by adjusting the input discriminator with 
the high voltage set at 700 V until it begins to count an alpha source. The 
plateaus are run to establish the operating voltages for alpha and beta-gamma. 
The MS-2 input discriminator is sat to 2 mV and again plateaus are run to 
establish the operating voltages. 

111. AIR-SAMPLING DEVICX 

Air samples were collected using a comercially available (ANL-modified 
filter queen) vacuum cleaner identified as the "Princess Model." Air was drawn 
through a filter medium at a flow rate of 40 m3/h. The filters consist of 
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APPENDIX 1 
(cont'd.) 

200-cm2 sheets of Hollingsworth-Vose (HV-70 or 185211-9 mil) filter paper. The 
collection efficiency at these flow rates for 0.3-p particles is about 99.9%. 

A separate air sample can be taken with a positive displacement pump 
drawing about 20 liters/min through a Millipore membrane (0.5 to 0.8 m) filter 
paper for about one hour. Aa alpha spectrum can be measured from a section of 
this filter paper. The ratio of actinon (21sR. - 6.62 MeV n AcC) to radon 
(222~n - 7.69 MeV RsC') can be determined from this spectrum. 

IV. GAMMA SPECTRAL INSTRUMENTATION 

A Nuclear Data Multicha~el Analyzer Model NO-100, utilizing a 7.6-cm- 
diameter by 7.6-o-thick NaI(T2) scintillation crystal is cornonly used for 
determining a g a m a  spectrum. This instrument is calibrated with NBS-traceable 
g a m a  sources. Samples from contaminated areas were analyzed using this systen, 
and the contamination radionuclides were identified. 

Hyperpure Germanium detectors (ORTEC - 17% efficiency right-circular 
cylinders) can be w e d  when more sophisticated gama-ray analyses are required. 
These detector.3 are coupled to Nuclear Data Multichamel Analyzers (Models 
ND-60, ND-66 or ND-100). 
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APPENDIX 2 

CONPIERSTON FACTORS - 

The factors used to convert the instrument readings to units of disintegra- 
tions per minute per 100 cm2 (dis/min-100 cm2) and the derivation of those 
factors are listed below. 

A. Conversion Factors 

PAC-4G-3 PAC-4G-3 Floor 
(51 cm2) (100 cm2) Monitor (FM-4G) 

Alpha Beta A h a  Bete Alpha Bete 

dis/min per cts/min - 2 - 2 - 2 
for 9 0 ~ r - 9 0 ~  

dis/rnin per cts/min 2 - 2 - 2 - 
for 2 3 9 ~ ~  

dis/min per cts/min 3.4 2.7 2.7 2.4 2.9 2.5 
for normal U 

dis/min per cts/min 1.7 1.7 1.7 1.8 1.7 1.8 
for 226Ra plus 
daughters 

B. Derivation of Conversion Factors 

. Floor Mcnitor 

Window Area: - 325 cm2 
Conversion to 100 cm2 = 0.31 times Floor Monitor readings 

Window Area: - 51 cn2 
Conversion to 100 cm2 = 1.96 times PAC reading 

Window Area: - 100 cm2 
Conversion factor = 1.00 times PAC reading 



APPENDIX 2 
(coat 'd) 

2n Internal Gas-Flow Counter, PC counter 

Geometry: Solid Steel Spun Top - 0.50 
Geometry: Mylar Spun Top - 0.43 

Mylar spun top counting {double-aluminized Mylar window 
(- 0.85 mg/cm2)) utilizes the well of the PC counter and 
is a method developed and used by the Argonne National 
Laboratory Health Physics Section for negating the dielec- 
tric effect in counting samples on nonconducting media. 

The PAC-4G-3 and PC counter were calibrated as described in Appendix 1. 
Using a flat-plate, infinitely thin 2 2 6 ~ a  plus short-lived daughters standard as 
a source of alpha emissions, the plate was counted in a 2n Internal Gas-Flow 
Counter (PC counter) with the source leveled to an apparent 2n geometry. The 
alpha counts per minute (cts/min) reading was found to be 1.86 x lo4 cts/min, or 
1.86 x TO' + 0.51* = 3.65 x 10' disintegrations per minute (dis/min) alpha. 
Since the sourre was infinitely-thin, the alpha component was used as the t.ota1 
alpha dis/min of the source. 

The same 2 2 6 ~ a  plus daughters source, when counted with the PAC instrument 
in the alpha mode, was found to be 2.18 x 10' cts/min at contact. The conversion 
factor for cts/*in to dis/min for the PAC instrument is 3.65 x lo4 f 2.18 x 10' = 
1.7 dis/min al2ha per cts/min alpha. 

The same source was covered with two layers of conducting paper, each 6.31 
mg/cm2, to absorb the alpha emissions. With the PC counter in the beta mode and 
the paper in good contact with the chamber, the count was found to be 1.17 x 10' 
or 1.17 x 10' + 0.50 = 2.35 x 10' dis/min beta. With the PAC-4G-3 in the beta 
mode and in contact with the covered source in the center of the probe, the 
count wals found to be 1.36 x lo4 cts/min. This indicates a conversion factor of 
2.35 x 10' f 1.36 x 10' = 1.7 dis/min per cts/min beta-game. All three 
detectors (51 cm2, 100 cm2 and 325 cm2) gave readings similar to th?se reported 
above for the alpha and  bet^-gamma modes. 

Utilizing a 1.25 in x 1.25 in x .005 in (3.2 cm x 3.2 cm x 0.013 cm) normal 
uranium foil as a source of uranium alpha emissions, the foil was counted in a 
PC counter with the source leveled to an apparent 2n geometry. The same normal 
uraniu source, covered with two layers of conducting paper in good contact with 
the chamber, each 6.31 mg/cm2 to negate the alpha eejssions, was counted for 
composite beta and g a m a  emissions in the PC counter. The source was leveled to 
an apparent 2n geometry; however, no provision was made for backscatter. 

W h e  value of 0.51 includes the following factors: geometry (g) = 0.50; back- 
scatter factor (bf) = 1.02; sample absorption factor (sa) = 1.0; window air 
factor (waf) = 1.Q. The product of g x bf sa x waf is 0.51. 



APPENDIX 2 
( con t ' d . )  

The normal uranium source  was a l s o  counted wi th  t h e  PAC in3trumant u s ing  
a l l  t h r e e  d e t e c t o r  a r e a s  i n  t h e  alpba mode and covered wi th  two l a y e r s  of con- 
duc t ing  paper i n  t h e  be ta  mode. The conversion f a c t o r s  were c a l c u l a t e d  a s  f o r  
2 2 6 ~ a .  

11. SMEAR COUNT 

The conversioq f a c t o r s  f o r  cts/min-100 cm2 t o  dis/min-100 cm2 f o r  smear 
counts  a r e  given below: 

A .  Conversion E q ~ a t i o n  (Alpha) 

c t s lmin  - (Bkgd) = dis/uin 
g  x bf x s a  x waf 

A geometry (8) of 0 .43  is  s tandard  f o r  a l l  f l a t - p l a t e  count ing  us ing  
the  Xylar spun top .  

A S a c k s c a t t e r  f a c t o r  ( b f )  of  1.0 was used when determining alpha a c t i -  
v i t y  on a  f i l t e r  media. 

The se l f - abcorp t ion  f a c t o r  ( s a )  was assumed t o  be 1 ,  un le s s  o therwise  
determined. 

I f  t he  e n e r g i e s  of t h e  i so tope  were known, t h e  a p p r o p r i a t e  eindow a i r  
f a c t o r  (waf) was used;  i f  t h e  ene rg ie s  of t he  i so topes  were no t  known, 
t h e  (waf) of 2 3 9 ~ ~  (0.713) was used. 

The (waf) f o r  alpha from 2 2 6 ~ a  p l u s  daughters  is  0.55. 

B. Conversion %quat ion  (Bet* 

c ts /min  - if3 Bkgd ( c t s lmin )  + a c t s / m i n l  = dialmi. 
g  x bf x sa x waf 

A geometry (g)  of 0.43 is  s tandard  f o r  a l l  f l a t - p l a t e  count ing  us ing  
the  Mylar spun top .  

A b a c k s c a t t e r  f a c t o r  (b f )  of 1 . 1  was used when determining be t a  a c t i v i -  
t y  on a  f i l t e r  media. 

A s e l f - a b s o r p t i o n  f a c t o r  ( s a )  was assumed t o  be 1, un le s s  o therwise  
determined. 

I f  t h e  ene rg ie s  of t h e  i so topes  were known, t h e  appropr i a t e  window a i r  
f a c t o r  (waf) was used;  i f  t h e  ene rg ie s  of t h e  i so topes  were uknown, 
t h e  (waf) of  J O ~ r - S O ~  (0.85) was used. 

The (waf) f o r  b e t a s  from 2 2 6 ~ a  p l u s  daughters  i s  0.85. 
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APPENDIX 3 

RADON-DETERMINATION CALCULATIONS 

Calculations for determining radon concentrations in air samples collected 
with an Argome National Laboratory-designed air sampler using W - 7 0  or LB5211 
filter media are summarized in this appendix; the basic assumptions and calcula- 
tions used to derive the air concentrations also are included. 

I. RADON CONCENTRATIONS 

The following postulates were assumed in deriving the radon (222~n) concen- 
trations based on the RaC' alpha count results. 

RaA, RaB, RaC, and RaC' are in equilibrium. 

RaA is present only in the first count and not the 100-minute decay 
count. 

Onc-half of the radon progeny is not adhered to airborne particulates 
(i.e., unattached fraction) and, therefore, is not collected on the 
filter media. 

The geometry factor (g) is 0.43 for both the ~ l 2 h a  2nd beta activity. 

The backscatter factor (bf) for the alpha activity is 1.0. 

T .e sample absorption factor (sa) for RaC' is 0.77. 

The window air factor (waf) for RaC' is 0.8. 

RaB end RaC, being beta emitters, are not counted .n the alpha mode. 

The half-life of the radon progeny is approximately 36 minrtes, based 
on the combined RaB and RaC half-lives. 

Thoron and lcng-lived alpha emitters are accounted for using the 
360-minute decay count and the seven-day count, respectively. 

For all practical purposes, RaC' decays at the rate of the composite 
of RaB and RaC, which is about 36 minutes. 

The followinl; postulates were assumed in deriving the thoron (220~n) con- 
centrations. 

L. ThA, ThB, ThC and ThC' are in equilibrium. 

n. Th4 and RaC' have decayed by the 360-minute decay count. 
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The geom-try factor (g), backscatter factor (bf), sample absorption 
factor (sa) and window air factor (waf) all are the saae for thoron 
as for radon. 

ThB and 64% of ThC, being beta emitters, are not counted in the alpha 
mode. 

The half-life of the thoron progeny is 10.64 hours (638.4 minutrs) 
based on the ThB half-life. 

For all practical purposes 36% of the ThC (alpha branch) and the ThC' 
decay at the same rate as ThB, which is 638.4 minutes. 

The counter does not differentiate between the ThC alphas and the 
ThC' alphas. 

following postulates were assumed in deriving the actinon (219~n) 
concent rat ions 

S. 

T. 

U. 

v. 

W. 

X .  

Y. 

The 

AcA, AcB and AcC are in equilibrium. 

AcA has decayed by the 100-minute decay count 

The geometry ( g ) ,  backscatter (bf), sample absorption (sa) and window 
air factor (waf) factors all are the same for actinon as for radon. 

AcB, being a beta emitter, is not counted in the alpha mode. 

The half-life of the actinon progeny is 36.1 minutes based on the AcB 
half-life. 

For all practical purposes, the AcC decays at tbe same rate as AcB, 
which is 36.1 minutes. 

84% of the AcC decays by 6.62 MeV a emissions and 16% decays by 
6.28 MeV a emissions. 

following postulate was assumed in deriving the long-lived concentra- 

2. The long-lived activity, as determined from the seven-day count, is 
assumed to be constant during the entire counting periods. This 
assumption is valid for isotopes with half-lives longer than a few 
years. 
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11. EQUATIONS USED TO DERIVE AIR CONCENTRATIONS 

Where : 

Where: 

A. = activity (dis/min) present at the end of the 
sampling period (usually 40 minutes) 

A = activity (dis/min) at some time, t, after end of 
the sampling period 

t = time interval (minutes) from end of sampling period 
to counting interval (usually - 100 minutes) 

t = half-life of isotope (nin). 
'5 

Concentration is determined by the equation: 

C = concentration (dis/min-m3) 

A. = activity on filter media at end of sampling 
period (dis/min) 

f = sampling rate (m3/min = m3/h x 1 h/60 minutes) 

s 
= length of sampling time (minutes) 

4 
= half-life of isotope or controlling parent (minutes). 

I I I . AIZTINON CORRECTION 

Since the actinon (219~n) progeny (AcA, AcB & AcC) decays at the AcB 
half-life of 36 minutes, it cannot be distinguished from the radon (222~n) 
progeny u s i q  standard air sampliug with HV-70 or LB5211 filter r.edia and stand- 
ard alpha-counting techniques. A positive displacement pulp is used to collect 
a sample on Millipore membrane (0.5 to 0.8 pro) filter media. The sample rate is 
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approximately 20 liters/minute for a samgling time of at least 90 minutes. The 
center portion of the sample is removed and counted in an alpha spectrometer 
which exhibits the 6 . 6 2  MeV AcC alpha emissions and the 7.69 MeV Rae' alpha 
emissions. If these two peaks are observed in the spectrum, then the following 
calculations are performed: 

Where : B = summation of the counts in n channels under peak j 
j 

bi j 
= the number of counts in channel i of peak j 

j = 1 for the 6.62 MeV peak of actinon; 2 for the 7.69 MeV peak of 
-adon 

n = total number of channels in the summation. 

The fractions of the activity with a 36-minute half-life due to actinon and 
radon are then: 

B1/O.  84 
Actinon = 

B1/O.  84+B 
2 

L 
Radon = B ~ / O .  8 4 + ~ 2  

where 1 refers to actinon progeny and 2 refers to radon progeny. 

IV. EXAnPLE CALCULATION 

Data have been created to correspond to values likely to occur if alf 
possible types of contamination are present in the air of a room where a sample 
is collected. The application of the equations for determining all types of 
activity and their concentrations are given below. 

Data f = 40 m3/60 min 
at t = 100 min 
at t = 360 min 
at t = 7 days 

t = 40 min 
A' = 2000 dis/min 
A = 140 dis/miu 
A = 5 dis/min 

For loug-lived activity: 
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For thoron: 

C(Tn) = 199.6 A 638.4 1 
40/60 - 0.693 x 40 = 7.6 dis/min-m3. 

1 - exp 
638.4 

For radon (222~n) and actinon (*19Ftn), activity due to thoron at t = 100 min: 

A = 135 
0.693 x 262 

= 179 dis/min. 
exp - 

638.4 

Activity due to the isotopes with a 36 minute half-life: 

Ao= 
1816 

0.693 x 100 
= 12,449 dis/min 

exp - 
36 

0.693 
12,454 

x- 
C(36) = 36 

x 1 
' -  = 

40/60 -0.693~40 669.7 dis/min-mg. 
1 - exp 

36 

When an actinon peat is seen at 6.62 MeV, the counts under the two peaks 
are sunmed. For exsmple, if 10 channels are summed, the following counts are 
found : 

For 6.62 MeV peak: 44 in 10 channels, where rhe 6.62 alpha 
emissions are 84% of the total. 

For 7.69 MeV peak: 601 counts in 10 cham-ls, where the 7.69 MeV 
alyha emfsaions are 100% of the total. 
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B1 = 44 

B1/0.84 = 52 counts 

B2 = 601 counts 

Actinon = 52/653 = 0.08 

Radon = 601/653 = 0.92 

C(Rn) = C(36) x Radon% = 669.7 x 0.92 = 616.1 dis/min-m3 

Since we assume that on the average half of the progeny is not aihered to the 
airborne particulates, the above concentrations are then doubled to determine 
actual concentrations. We assume that there is no unattached fraction for the 
long-lived activity. 

C actual = C measured x progeny correction factor 

C(L) = 0.19 dis/min-m3 

These would then be the resulting concentrations in dis/min-m3. To convert to 
pCi/2, divide the concentrations by 2.2 x lo3: 
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APPENDIX 4 

SAMPLE PRFPARATION AND ANALYSIS GENERIC PhOTOCOL 

I .  SOIL-SAMPLE PREFARATION 

S o i l  samples a r e  acqui red  a s  p rev ious ly  descr ibed .  These samples a r e  
bagged and i d e n t i f i e d  s t  t h e  c o l l e c t i o n  s i t e  and re turned  t o  ANL. I f  t h e r e  is 
an i n d i c a t i o n  of r a d i o a c t i v e  contamination,  t h e  sample i s  sea l ed  i n  a  Nalgene 
j a r .  A t  ANL, t h e  s o i l  samples a r e  logged i n t o  t h e  so i l - sample  book, and each 
sample is weighed (on a t a r e d  balance s c a l e )  and t h e  weight is marked on t h e  
con ta ine r .  This  weight is recorded i n  the  s o i l  book a s  a  "net  weight." 

Af t e r  a l l  samples a r e  marked, weighed, and recorded,  they  a r e  d r i e d .  Each 
s~.mple i s  p laced  i n  a  pyrex beaker marked with t h e  sample i d e n t i f i c a t i o n  number. 
I f  more than  one beaker is  necessary ,  a d d i t i o n a l  numbers ( e . g . ,  1-3, 2-3, 3-31 
a r e  used. The o r i g i n a l  con ta ine r s  a r e  saved f o r  repackaging t h e  d r i e d  samples. 
The beaker is  s e t  i n  an 80°C oven u n t i l  t h e  s o i l  i s  d ry  (approximatley 48 hours) .  
The sample is  re turned  t o  t h e  o r i g i n a l  con ta ine r  and reweighed using a t a r e d  
balance s c a l e .  This  weight  is  a l s o  marked on t h e  con ta ine r  and i n  t h e  s o i l -  
sample book, where i t  i s  r e f e r r e d  t o  a s  a  "dry weight ."  

A f t e r  a l l  t he  samples a r e  re turned  t o  t h a i r  o r i g i n a l  c o n t a i n e r s ,  t h e  
mi l l i ng  process  is  s t a r t e d .  Each d r i e d  sample is  t r a n s f e r r e d  t o  a  2 .3-ga l lon  
ceramic m i l l  j a r  con ta in ing  m i l l  b a l l s  (la' '  x I f"  Burundum c y l i n d e r s ) .  The m i l l  
j a r  number i s  marked on t h e  o r i g i n a l  con ta ine r .  The j a r s  a r e  s ea l ed  and t h e  
samples a r e  mi l l ed  f o r  two hours o r  u n t i l  s u f f i c i e n t  ma te r i a l  is produced t o  
o t c a i n  100 g and 5 : samples f o r  ana lyses .  The samples a r e  mi l led  s i x  a t  a  
time. A second s e t  of s i x  j a r s  is prepared whi le  t h e  m i l l i n g  of t h e  f i r s t  s e t  
is proceeding. Af t e r  each  sample is mi l l ed ,  t h e  m i l l  b a l l s  a r e  removed wi th  
t t n g s  and placed i n  a  t r a y .  A l a r g e  p l a s t i c  bag is  inve r t ed  over t h e  m i l l  j a r .  
Both a r e  i nve r t ed  and shaken u n t i l  a l l  t h e  s o i l  is  t r a n s f e r r e d  t o  t h e  ~ a g .  I f  
t h e  s o i l  p l a t e s  t h e  i n s i d e  of  t h e  m i l l  j a r ,  a  smal l  p a i n t  brush is used t o  
ldosen t h e  s o i l  before  t h e  j a r  is inve r t ed .  A s e p a r a t e  brush is  used f o r  each 
j a r  t o  prevent  cross-contamination of t h e  s o i l  samples. 

Af t e r  m i l l i n g ,  each sample is s ieved  through a number 30 s tandard  t e s t i n g  
s i eve  (600 p mesh) and t r a n s f e r r e d  t o  a  12" x 12" z ip lock  bag. Rocks a t ~ d  d ross  
a r e  bagged s e p a r a t e l y .  The bags a r e  marked wi th  t h e  sample nuaiber, t h e  s i e v e ,  
number and R(rocks) o r  S ( s o i 1 ) .  The ba lance  is  t a r e d  and t h e  ve igh r s  zf t h e  
s o i l  ( o r  rocks)  a r e  measured and recorded i n  t h e  soi l-sample book. A 100-g 
sample of t h e  s ieved  m a t e r i a l  is  t r a n s f e r r e d  t o  a  4-02. Nalgene b o t t l e .  These 
s a q l e s  a r e  analyzed by s u i t a b l e  a n a l y t i c a l  t e c e i q u e s ,  i nc lud ing ,  a s  a  minimum, 
gamma spectroscopy (GeLi). A 5-g sample of t h e  s i eved  m a t e r i a l  i s  t r a n s f e r r e d  
t o  a  1-02 Nalgene b o t t l e .  One gram of t h i s  sample is  used f o r  t h e  de terminat ion  
of uranium by l a s e r  f luorometry ;  100 g a r e  needed f o r  radiochemical  a n a l y s i s  of  
Pu,  Am, and Th i f  t hese  ana lyses  a r e  requi red .  The b o t t l e s  con ta in ing  these  
weighed samples a r e  marked wi th  sample number and d a t e  and t h i s  informat ion  i s  
recorded i n  t h e  soi l-sample book. The rocks (and d r o s s )  and remaining s o i l  a r e  
placed i n  s to rage .  
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The sieves, mill jars, and Burundum milling balls used in this work are 
classified in two sets. Cne set is used for background samples exclusively. 
The other set is used for all samples from suspect areas. Soil samples with 
elevated levels of radioactivity based on instrument measurements are milled in 
one-gallon Nalgene bottles using Burundum balls from the set used for suspect 
samples. After use, these balls are either decontaminated (see below) or 
disposed of as radioactive waste. The Nalgene bottles are always disposed of as 
rudioactive waste. The sieves used for these samples are also from the set used 
for suspect samples and are decontaminated after use. 

11. EQUIPMENT DECONTAMINATION 

The care of the milling apparatus is as important as the actual sample 
preparation. Proper care prevents cross-contamination of successive samples. 
The beakers used to dry the samples are washed thoroughly by placing a small 
amount of Haemo-Sol in each beaker and filling with warm water. The beaker is 
then scrubbed thoroughly on the inside and scoured on the outside with scouring 
powder. The beakers are rinsed three times with tap water and three times with 
demineralized water, and finally dried thoroughly before reuse. 

The ailling apparatus (tongs, brushes, milling jars, lids and milling 
balls) are rinsed. The tongs and brushes are washed thoroughly with Haemo-Sol. 
Eight Burundum balls are returned to each milling jar along with about one pint 
of clean road gravel, one spoon of Hnemo-Sol, one spoon of scouring powder with 
bleach, and one quart of water. The lid is tightened on the jar and the jar is 
placed on the rolling mill and rolled for approximately two hours or until the 
balls and the inside of the jar appear to be physically clean. After this time, 
the mill jar is removed from the rolling mill and its contents are dumped into a 
screen or basket. The lid and balls are then rinsed thoroughly three times with 
tap water followed by three times with demineralized ~gater. The insid- of the 
jar is rinsed until it is absolutely clean. The milling apparatus is air-dried 
with warm air until absolutely dry. Room air is drawn through Mill jars with a 
hose which is attached to a fume hood or specially constructed drying box. 

The sieves are rinsed, washed in Haemo-Sol, thoroughly rinsed (three times 
with tap water, followed by three rinses with demineralized water) and then air 
dried as above before reuse. 

111. WATER AND SLUDGE 

Water samples are collected in 0.1-liter, 0.5-liter and/or 1-liter quanti- 
ties as deemed appropriate. These samples are forwarded directly to a certified 
radiochemistry laboratory for preparation and analysis. The customary analysis 
prt,,,dure consists of filtration to obtain the suspended solids followed by 
evaporation to obtain the dissolved solids. Both suspeqded and dissolved solids 
are analyzed by appropriate radiochemical analytical techniques. 
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e collected in 0.1-liter bottl r and 
outlined above for water samples. 

are processed as 

IV. VEGETATION, TRASH AND RUBBLE 

Samples of potentially contaminated vegetation, trash (e.g. piping, ducts, 
conduit, etc.) and rubble are collected, bagged, and labeled at the site and 
returned to ANL for analysis. 

Vegetation samples are initially weighed and transferred to Marinelli 
beakers for gamma spectrometric analysis. Then they are ashed, reweighed, and 
analyzed by appropriate analytical techniques. 

Trash and rubble samples are forwarded to a certified radiochemistry 
laboratory for analysis. 

V. TRITIUM FROM SOLID HATERIALS 

Samples of solid materials (e.g., concrete) suspected of containing tritium 
are collected, broken into small pieces, and submitted to a certified radio- 
chemistry laboratory for analysis. The standard analytical procedure consists 
of transferring a 20-40 g sample to a ceramic boat followed by heating in a tabc 
furnace at 42S°C for a period of two hours (- 40 min to reach temperature and - 80 min heating at temperature). Helium is used as a flow gas through the tube 
during heating, and the tritium is collected in two traps on the downstream side 
of the furance. The first trap is immersed in an ordinary ice bath (O°Cj; the 
second trap is immersed in a C02-Freon bath (-57OC). The collected tritiated 
water from both traps is combined, made up to a known volume, and an aliquclt 
taken for liquid scintillatisn counting of the tritium. 

VI . ANALYSIS PROCEDURES 

A 100-g fraction from each soil sample is analyzed by high resolution 
gamma-ray spectroscopy using a germanium crystal detector coiipled to a multi- 
channel analyzer. This analysis allows for a quantitative determination of the 
2 2 6 ~ a  decay chain (via the 609 keV y-ray of 214Bi) and the 2 3 2 ~ h  decay chain 
(via the 911 keV y-ray of 228~c, as well as any other gamna emitting radionu- 
clide, e. g., 13'cs) present in the soil. 

The total uranium (elemental) present ia the soil is determined by an acid 
leach of the soil sample followed by laser fluorometry of the leached sample. 

Thorium analysis consists of an acid leach of the soil (using a 2 3 4 ~ h  spjke 
for yield determination) followed by plating a thin source of the radiochemi- 
rally separated thorium and determining the thorium isotopes (228~h and "3'~h) 
by alpha spectroscopy. 
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The results of the above measurements allow for quantitative determination 
of the relative amounts of normal uranium, natural uranium, tailings (i.e., 
226~a decay chain), thorium (232~h), mesothorium (228~a decay chain), and thorium 
(228~h) decay chain present in the contaminated material. 

A msss spectrometric analysis of the uranium fraction is conducted when it 
is known or is is surmised that depleted or enriched uranium might be present. 
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CALCULATJON OF NORMAL-URANIUH SPECIFIC ACTIVITY 

The specific activity tor normal uranium was obtained by sununing the 
measured specif ic activities for the individual isotopes weighted according to 
their normal abundanccs. Best valuea for these specific activities of 23sU and 
2 3 8 ~  were taken from A. H. Jaffey et al., Phys. Rev. C 4 1889 (1971). The 
half-life for each isotope was taken from David C. Kocher, "Radioactive Decay 
Tables-A Handbook of D c c ~ y  Data for Application to Radiation Dosimetry and 
Radiological Assessments" (1981). Tke percent abundances were taken from N. E. 
Holden, BNL-NCD-506~5 (1977). Atomic weights were taken from the "Handbook of 
Chemistry and Physics," 52nd Edition (1971). The specific activity of 2 3 4 ~  was 
calculated from the half-life. 

Specific Ha1x'-life 
Isotope Activity . (years) 

2 3 4 ~  1.387 x 10' dis/min-pg 2.445 x los 
2 3 5 ~  4.798 dis/min-pg 7 .038 x lo8 
2 3 8 ~  0.746 dis/min-pg 4.4683~ lo9 

Abundance 
(atom X )  

0.0054 
0.720 

99.2746 
100.0000 

Atomic 
Weight Abundance 
(grams) (wt %) 

(atom %)i (atomic weight) (atom %)i  (atomic weight) 
i -  - i 

L(ato+n 4;)  (atomic weight) 238.0289 
J j j 

Specific activity for normal uranium: 

0.746 x 0.99264 x 2 = 1.481 dis/nin-pg from 234 2 3 8 ~  

4.798 x 0.00711= 0.034 dis/min-pg from 2 3 5 ~  

1.515 dis/min-pg for normal U 

where 2 3 4 ~  is assumed to be in secular equilibrium with the 2 3 8 ~  parent. 

Note that 2.25% of the total activity is due to 2 3 5 ~  and 48.87% each is due to 
2 3 4 ~  and 2 3 8 ~ .  
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PERTINENT RADIOLOG1 CAL REGULATIONS, 
STANDARDS, AM) GUIDELINES 

Excerpts From 

DRAFT AMERICAN NATIONAL STANDARD 

Control of Radioactive Surface Contamination 

on Materials, Equipment, and Fccilities to be 

Released for Uncontrolled Use 

Where potentially contaminated surfaces are not accessible for measurement 
(as in sole pipes, drains, and ductwork), such property shall not be r~leased 
pursuant to this standard, but shall be made the subject of case-by-case evalua- 
tion. 

Property shall not be released for unconrrolled use unless measurements 
show the total and removable contamination levels to be no greater than the 
values in Table 1 or Table 2. (The values in Table 2 are easier to apply when 
the contaminants cannot be individually identified.) 

Coatings used to cover the contamination shall not be considered a solution 
to the contamination problem. That is, the monitoring techniques shall be 
sufficient to determine, and such determination shall be made, that the total 
amount of contamination present on and under any coating does not exceed the 
Table 1 or Table 2 values before release. 
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TABLE 1 

SURFACE CONTAMINATION LIMITS* 

- 
' id . . ,- 

Limit (Activity) + 

contaminants (dis/min-100 cm2) $ 
Total A >  

Nuclides 
Grcup Description (Note 1) Removable (Fixed plus r- i 1- t: 

Removable) 

1 Nuclides for which the non- 22 7~~ 

occupational MPC (Note 2 )  24i*242m*243Am 

is 2 x 10 l3 ci/S3 or less z ~ Q * z s o * ~ s ~ * ~ s ~ c ~  
or for which the nonoccupa- 2 4 3 * 2 4 4 * 2 4 5 * 2 4 6 * 2 4 7 * 2 4 8 ~  m 
tional MF'C (Note 4) is 12s. 1291 
2 x lo-' cY/m3 or l e s ~  23 7Np 

23 l ~ a  
?lOpb 
238*239*240*242*244pU 
226 1 2 2 8 ~ ~  
228 * 2 3 0 ~ h  

2 Those nuclides not in Group 2 s 4 ~ s  

1 for which the nonoctupa- 2 s 6 ~ m  
tional-MPC (Note 2) is 3.26*131* 1331 
1 x 10 l2 &/m3 or less 2 1 0 ~ o  
for which the nonoccupa- 2 2 3 ~ a  
tional-HPC (Note 4) is 9 0 ~ r  
1 x 10 c?/m3 or less 2 3 2 ~ h  

2 3 2 ~  

3 Those nuclides not in Group 
1 or Group 2 

Nondetectable 
(Note 3) 

2000 a 
Nocdetectable 

B,Y 
(Note 5) 
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SURFACE CONTAHINATION LIXITS 

* 
The levels may be averaged over one square meter provided the maximum activity 
in any area of 100 cm2 is less than three times the limit value. For purposes 
of averaging with regard to isolated spots of activity, any square meter of 
surface shall be considered to be contaminated above the limit L, applicable to 
100 cm2, if (1) from measurements of a representative number n of sections it 
i3 determined that l/n I: S. I L, where S is the dis/min-100 cm2 determined 

n i 
from measurement of section ?; or (2) it is determined that the activity of all 
isolated spots or particles in any area less than 100 cm2 exceeds 3 L. 

+ 
Disintegrations per minute per square decimeter. 

NOTES : 

Values presented here are obtained from the Code of Federai Regulations., 
Title 10, Part 20, April 30, 1975. The most limiting of all given MPC 
values (for example, soluble versus insoluble) are to be used. In the 
event of the occurrence o f  mixtures of radion.clides, the fract.ion contri- 
buted by each constituent of its own limit shall be determined and the sum 
of the fracti,~~ shall be less than 1. 

Maximum permissible concentration in air applicable to continuous exposure 
of members of the public an published by or derived from an authoritative 
source such as the National Committee on Radiation Protection and Measure- 
ments (NCRP), the International Commission on Radiological Protection 
(TCRP), or the Nuclear Regulatory Commission (NRC). From the Code of 
Federal Regulations, Title 10, Part 20, Appendix B, Table 2, Column 1. 

The instrument utilized for this measurement shall be calibrated to measure 
at least 100 pCi of any Croup 1 contaminants uniformly spread over 100 cm2. 

Maximum permissible concentration in water applicable to members of the 
public. 

The instrument utilized for this measurement shall be calibrated to measure 
at least 1 nCi of any Group 2 beta or gamma contaminants uniformly spread 
over an area equivalent to the sensitive area of the detector. Direct 
survey for unconditional release shoald be performed in areas where the 
background is 6 100 counts per minute. When the survey must be performed 
in a background exceeding 100 counts per ainute, it may be necessary to use 
the indirect survey method to provide the additional sensitivity required. 
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ALTERNATE SURFACE CONTAXINATION LIMITS 

(All Alpha Emitters, except U 
nat and Thnat, Considered as r Group)* 

.- 
Limit (Activity) + 

(disjoin- 100. cm2) 
Total 
(Fixed Plus 

Contamination Contin~encies Removab le Removable 

If the contaminant cannot be identified; 
or if alpha emitters other than U 

nat (Note 1) and Thnat are present; or ~f 
the beta emitters comprise 2 2 7 ~ c  or 
228~a. 

If it is known that all alpha emitters 
are generated from U (Note 1) and 

Thnati 
and if beta eGfEters are 

present that, while not identified, 
do not include 2 2 7 ~ ~ ,  12'1, 226~a, 
and 228~a. 

If it is known that alpha emitters are 
generated only from U (Note 1) 

at and Thnat in equilibr?um with its 
decay products; and if the beta 
emitters, while not identified, do 
not include 2 2 7 ~ ~ ,  4 2 5 ~ ,  1 2 9 ~ ,  90~r, 
223~a, 228~a, 1261, 1311 and 13s~. 

20 Nondetectable 
(Note 2) 

2000 a 
Nondetectablr 

S , Y  
(Note 3) 
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ALTERNATE SURFACE CONTAMINATION LIMITS 

* 
The levels may be averaged over one square meter provided the maximum activity 
in any area of LOO cm2 is less than three times the limit value. For purposes 
of averaging with regard to isolated spots of activity, any square meter of 
surface shall be considered to be contaminated above the limit L, applicable to 
100 co2, if (1) from measurements of a representative number n of sections it 
is determined that l/n Z S. I L, where S ia the dis/min-100 cm2 determined 

n L i from measurement of section 1; or (2) it is determined that the activity of a11 
i~olated spots or particles in any area less than 100 cm2 exceeds 3 L. 

+ 
Disintegrations per minute per oquare decimeter. 

NOTES : 

(1) Unat and decay products. 

(2) The instrument utilized for this measurement shall be calibrated to measure 
at least 100 pCi of any Group 1 contaminants uniformly spread over 100 cm2. 

(3) The instrument utilized for this measuremcut shall be calibrated to measure 
at least 1 nCi of any Group 2 beta or g.mna contaminants uniformly spread 
over an area equivalent to the sensitive area of the detector. Direct 
survey of uncor~ditional release should be performed in areas where the 
background is S 100 counts per minute. When the survey must be performed 
in n background exceeding 100 counts per minute, it may be necessary to use 
the indirect survey method to provide the additional sensitivity required. 
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U.S.NUCI;EAR REGULATORY CONHISSION 
DIVXSION OF FUEL CYCLE AND MATERIAL SAFETY 

WASHINGTON, D.C. 
July 1982 

GUIDELINES FOR i)ECONTAnINATIO~Z OF FACILITIES AND 
EQUIPmNT PRIOR TO RELEASE FOR UNRESTRICTED 
USE OR TERMNATION OF LICENSES FOP. BY-PRODUCT 

SOURCE, OR SPECIAL NUCLZAR MATERIAL 

(These have been retyped for 
purposes of this report) 

The instructions in this guida, in conjunction with Table 1, specify the radio- 
activity and radiaticn exposure rate limits which should be used in accomplish- 
ing the decontamination and survey of scriaces or premises and equipment prior 
to abandonment or release for unrestricted use. ' The limits in Table 1 do not 
apply to premises, equipment, or scrap containing induced radtaactivity for 
which the radiological considerations pertinent to their use may be different. 
The releafie of such facilities or items from regulatory control will be 
considered on a case-by-case basis. 

1. The licensee shall make a reasonable effort to eliminate residual contami- 
nation. 

2 .  Radioactivity on equipment or surfsces shall not be covered by paint, plat- 
ing, or other covering material unless contaminatien levels, as determined 
by a survey and documented, are below the limits specified in Table 1 prior 
to applying the covering. A reasonable effort must be made to minimize the 
contamination prior to use of any covering. 

3. The radioactivity on the interior aurfaces of pipes, drain lines, or duct 
work shall be determined by making measurements at all traps, and other 
appropriate access points, provided that contamination at these locations 
is likely to be representative of contamination on the interior of the 
pipes, drain lines, or duct work. Surfaces of premises, equipment, or 
scrap which are likely to be contaminated but are of such size, construc- 
tion, or location as to make the surface inaccessible for purposes of 
measurement shall be presumed to be contaminated in excess of the limits. 

4. Upon request, the Commission may authorize a licensee to relinquish posses- 
sion or control of premises, equipment, or scrap having surfaces contarnina- 
%ed with materials in excess of the limits specified. This may include, 
but would :lot be limited to, special circumstances such as razing of build- 
ings, transfer of premises to another organization continuing work with 
radioactive materials, or conversion of facilities to a long-term storage 
or standby status. Such reqalest must: 
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a. Provide detailed, specific infomation describing the premises, equip- 
ment or scrap, radioactive contaminants, and the nature, extent, and 
degree of residual surface contamination. 

b. Provide a detailed health and safety analysis which reflects that the 
residual amounhz of materials on surface areas, together with other 
considerations such as prospective use of the premises, equipment or 
scrap, are udikely to resu:t in an unreasonable risk to the health 
and safcty of the public. 

5. Prior to release of premises for unrestricted use, the licensee shall make 
a comprehensive radiation survey which establishes that contamination is 
within the limits specified in Table 1. A copy of the survey report shall 
be filed with the Division of Fuel Cycle and tfaterial Safety, USNRC, 
Washington, D.C. 20555, nad also the Director of the Regional Office of 
the Office of inspection and Enforcement, USNRC, having jurisdiction. The 
report should be filed at least 30 days prior to the planned date of aban- 
donment. The survey report shall: 

a Identify the premises. 

b. Show that reasonable effort has been made to eliminate residual con- 
taminati~n. 

c. Describe the scope of the survey and general 1 rocedures followed. 

d. State the findings of the survey in units specified in the instruc- 
tion. 

Following review of the report, the NRC will consider visiting the facilities to 
conf inn the survey. 
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TABLE 3 

ACCEPTABLE SURFACE CONTAMINATION LItIITS 

U-nat, 2 3 S ~ ,  2 3 8 ~  5000 dis/min-100 cm2 a 15,000 dis/min-100 cm2 a 1000 dis/min-100 cm2 a 
and associated 
decay products 

Transuranics, 
226~a, 2 2 8 ~ a  , 
230~h, 228~h, 
2S1Pa, 2 2 7 ~ ~ ,  
1261 1291 

Th-nat , 2 3 2 ~ h  
@%r, 22s~a, 
2 2 4 ~ ~ ~  2 3 2 ' ~ ~  
1261 1311, 
1331 

Beta-gamoa 
emitters (nu- 
clides w i ~ h  
decay modes 
other than 
alpha emission 
or spontaneous 
fission) except 
s O ~ r  and others 
noted above. 
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TABLE 3 

a 
Where surface contamination by both alpha and beta-garmra emitting nuclides 
exists, the limits established for alpba and beta-gasma emitting nuclides 
should apply independently. 

b ~ s  used in this table, dis/min (disintegrations per ainutc) means the rate of 
emission by radioactive material as determined by correcting the counts per 
minute observed by an appropriate detector for background, efficiency, and 
geometric factors associated with the instrumentation. 

C~easuremcnts of average contaminant should not be averaged over more than 1 
square meter. For objects of less surface area, the average should be derived 
for each such object. 

d ~ h e  maximum contamination level applies to an area of not more than 100 cap2. 

e 
The amount of removable radioactive material per 100 cm2 of surface area should 
be determined by wiping that area with dry filter or soft absorbent paper, 
applying moderate pressure, and assessing the amount of radioactive material on 
the wipe with an appropriate instrument of known efficiency. When removable 
contamination on objects of less surface area is determined, the pertinent 
levels should be reduced proportionally and the entire surface should be wiped. 

f ~ h e  average m d  maximum radiation levels associated with surface contamination 
resulting from beta-gamma emitters should not exceed 0.2 mrad/h at 1 cm and 1.0 
mrad/h at 1 cm, respectively, measured through not more than 7 milligrams per 
square centimeter of total absorber. 
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SURGEON GENERAL ' S GUITjeLINES 
as included in 10 CFR Part 712 

C r m d  Junction Remedial Action Criteria 

Purpose 

(a) determination by M E  of the need for, priority of and selection of 
appropriate remedial action to limit the exposure of individuals in the 
area of Grand Junction, Colorado, to radiation emanating from uranium 
rill tailings which have been used as construction-related material. 

(b) The regulations in this part are issued pursuant to Pub. L. 92-314 
(86 Stat. 222) of June 16, 1972. 

Scope 

The regulations in this part apply to all structures in the area of 
Grand Junction, Colorado, under or adjacent to which uranium mill tailings have 
been used as a construction-related material between January 1, 1951, and 
June 16, 1972, inclusive. 

7'2.3 Definitions 

As used in this part: 

(a) "Administrat~r'~ aeans the Administrator of Energy Research and 
Development or his duly authorized representative. 

(b) "Area of Grand Junction, Colorado," means Mesa County, Colorado. 

(c) "Background" aeans radiation arising from cosmic rays and radio- 
active material other than uranium mill tailings. 

(d) "DOE" means the U.S. Departraent of Energy or any duly authorized 
representative thereof. 

(e) "Construction-related material" means any material used in the 
construction of a structure. 

(f) "External g a m a  radiation level" means the average gamma radiation 
exposlsre rate for the habitable area of a structure as measured near 
floor level. 
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(g) "Indoor radon daughter concentration level" means that concentra- 
tion of radon daughters determined by: (1) averaging the results of six 
air samples each of at least 100 hours duration, and taken at a minimum 
of 4-week intervals throughout the year in a habitable area of a struc- 
ture, or (2) utilizing some other procedure approved by the Coaaission. 

(h) "Milliroentgen" (dt) means a unit equal to one-thousandth (1/1000) 
of a roentgen which roentgen is defined as an exposure dose of X or 
ganmra radiation such that the associated corpuscular emission per 0.001293 
gram of air produces, in air, ions carrying one electrostatic u i t  of 
quantity of electricity of either sign. 

(i) "Radiation" means the electromagnetic energy (gamna) and the par- 
ticulate radiation (alpha and beta) which emanate from the radioactive 
decay of radium and its daughter products. 

(j) "Radon daughters" means the consecutive decay products of 
radon-222. Generally, these include Radium A (polonium-218), Radium B 
(lead-214), Radium C (bismuth-214), and Radium C' (polonium-214). 

(k) "Remedial action" means any action taken with a reasonable expec- 
tation of reducing the radiation exposure resulting from uranium mill 
tailings which have been used as construction-related material in and 
around structures in the area of Grand Junction, Colorado. 

(1) "Surgeon General's Guidelines" means radiation guidelines related 
to uranium mill tailings prepared and released by the Office of the U.S. 
Surgeon General, Department of Health, Ed~xation and Welfare on July 27, 
1970. 

(m) "Uranium mill tailings" means tr'lings from a uranium milling oper- 
ation involved in the Federal uranium procurement program. 

( 1 1 )  "Working Level" (WL) means any combination of short-lived radon 
daughter products in 1 liter of air that will result in the ultimate 
emission of 1.3 x lo5 MeV of p*>tential alpha energy. 

712.4 Interpretations 

Except as specifically authorized by the Administrator in writing, no 
interpretation of the meaning of the regulations in this part by an officer or 
employee of DOE other than a written interpretation by the General Counsel will 
be recognized to be binding upon DOE. 

712.5 Comaunications 

Except where othewise specified in this part, all comnunications con- 
cerning the regulations in this part should be addressed to the Director, 
Division of Safety, Standards, and Compliance, U.S. Department of Energy, 
Washington, D.C. 20545. 
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712.6 General radiation exposure level criteria for remedial action. 

The basis for undertaking remedial action shall be the applicable guide- 
lines published by the Surgeon General of the United States. These guidelines 
recommended the following graded action levels for remedial action in terms of 
external. garmaa radiation level (EGR) an4 indoor radon daughter concentration 
level (RDC) above background found within dwellings constructed on or with 
uranium mill tailings. 

EGR RDC Recommendation 

Greater than 0.1 mR/h Greater than 0.05 WL Remedial action indi- 
cated. 

From C.05 to 0.1 mR/h From 0.01 to 0.05 WL Remedial action may be 
suggested. 

Less than 0.05 mR/h Less than 0.01 WL No remedial action in- 
dicated 

712.7 Criteria for detexmination of possible need for remedial action 

Once it is determined that a possible need for remedial action exists, 
the record o m e r  of a structure shall be notified of that structure's eligibili- 
ty for an engineering assessment to confirm the need for remedial action and to 
ascertain the most appropriate remedial measure, if any. A determination of 
possible need will be made if as a result of the presence of uranium mill tail-' 
ings under or adjacent to the structure, qne of the following criteria is met: 

(a) Where DOE approved data on indoor radon daughter concentration 
levels are available 

(1) For dwellings and schoolrooms: An indoor radon daughter concen- 
tration level of 0.01 WL or greater above background. 

(2) For other structures: A n  indoor radon daughter concentration 
level of 0.03 WL or greater above background. 

(b) Where DOE approved data on indoor radon daughter concentration 
levels are not available: 

(1) For dwellings and schoolrooms: 

(i) An external g a m a  radiation level of 0.05 mR/h or greater above 
background. 
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(ii) An indoor radon daughter r~ncentration level of 0.01 WL or greater 
above background (presumed). 

(A) It may b4 presumed that if the external gamma radiation level is 
equal to or exceed 0.02 mH/h above background, the indoor radon daughter 
concentration level equals or exzeeds 0.01 WL above background. 

(B) It should be presumed that if the external gamna radiation level 
is less than 0.001 mR/h above background, rhe indoor radon daughter con- 
centration level is less than 0.01 WL above background, and no possible 
need for remedial actions exists. 

(C) If the external ganma radiation level is equal to or greater than 
0.001 mR/h above background but is less than 0.02 mR/h above background, 
measurements will be required to ascertaiu the indoor radon daughter 
concentration level. 

(2) For other structures: 

(i) An external gamma radiation level of 0.15 mR/h above background 
averaged on a room-by-room basis. 

(ii) No presumptions shell be made on the external g a m a  radiation 
level/indoor radon daughter concentration level relationship. Deci- 
sions will be made in individual cases based upon the results of actual 
measurements. 

712.8 Determination of possible need for remedial action where criteria have 
not been met. 

The possible need for remedial action may be determined where the cri- 
teria in 712.7 have not been met if various other factors ax? ptcsent. Such 
factors include, but are not necessarily limited to, size of thc ~Zrected area, 
distribution of radiation levels in the affected area, amount of tailings, age 
of individuals occupying affected area, occupancy time, and use of thr affected 
area. 

712.9 Factors to be considered in determination of order of priority for 
remedial action. 

In determining the order or priority for execution of remedial action, 
consideration shall be given, but not necessarily limited to, the following 
factors : 

(a) Classification of structure. Dwellings and schools shall be con- 
sidered first. 

(b) Availability of data. Those structures for which data on indoor 
radon daughter concertration levels and/or external gamma radiation 
levels are available when the program starts and which meet the criteria 
in 712.7 will be considered first. 
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Order of app iication. Insofar as feasible remedial action will b 
taken in the order in which the application is received. 

Uagnitude of radiation level. In general, those structures with the 
highest radirtion levels will be given primary consideration. 

Geographical location of structures. A group of structures located in 
the same imediate geographical vicinity mag be given priorLty con- 
sideration particularly where they involve similar remedial efforts. 

Availability of structures. An attempt will be made to schedule 
remedial action during those periods when remedial action can be taken 
with minimum interference. 

Climatic conditions. Climatic conditions or other seasonable con- 
siderations may affect the scheduling of certain remedial measures. 

Selection of appropriate remedial action. 

Tailings will be removed from those structures where the appropriately 
averaged external garmaa radiation level is equal to or greater than 
0.05 mR/h above background in the case of dwellings and schools and 
0.15 mR/h above background in the case of other structures. 

Where the criterion in paragraph (a) of this section is not met, other 
remedial action techniques, including but not limited to sealants, 
ventilation, and shielding may be considered in addition to that of 
tailings remova:. DOE shall select the remedial action technique ,.: 
combination of techniques, which it determines to be the most appro- 
priate under the circumstances. 
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40 CFR Part 192 
HEALTH AND ENVXROHMENTAL PROTECTION STANDARDS 

FOR 
URANIUn MILL TAILINGS 

SUBPART A--Standards for the Control of Residual Radioactive Materials from 
Inactive Uranium Processing Sites 

192.00 Applicability 

This subpart applie* to the control of residual radioactive material at 
designatti processing or depository sites under Section 108 of the Uranium Hill 
Tailings Radiation Control Act of 1978 (henceforth designated "the Act"), and to 
restoration of such sites following any use of subsurface minerals under Section 
104(h) of the Act. 

192.01 Definitions 

(a) Unless otherwise indicated in this subpart, all terms shall have the 
same meaning as in Title I of the Act. 

(b) Remedial action means any action performed under Section 108 of the 
Act. 

(c) Co~ltrol means any remedial activ.2 intended to stabilize, inhibit 
future use of, or reduce emissions or effluents from residual radioactive 
materials. 

(d) Disposal site w e n s  the region within the smallest perimeter of 
regidual radioactive material (excluding cover materials) following completion 
of control activities. 

(e) Depository site means a disposal site (other than a processing site) 
selected under Section 104(b) or 1051b) of the Act. 

bil 

192 

(f) Curie (Ci) means the amount of radioactive material that prod_uces 37 
lion nuclear transformation per second. One picocurie (pCi) = 10 l2  Ci. 

.02 Standards 

Control shall be designed* to: 

(a) be effective for up to cne thousand yearn, to the txtent rmsouably 
*chicvablc, end, in any case, for at least 200 years, and, 

*Because the standard applies to design, monitoring after disposal is not 
required to demonstrate corapliance. 
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(b)  provide  reasonable asaurance t h a t  r e l e a s e s  of radon-222 from r e s i d u a l  
r ad ioac t ive  m a t e r i a l  t o  t h e  atmosphere w i l l  no t :  

( I )  exceed an average** r e l e a s e  r a t e  of 20 p i c o c u r i e s  p e r  squa re  
meter p e r  second,  o r  

(2)  i n c r e a s e  t h e  annual average  concent ra t ion  of  radon-222 i n  a i r  a t  
o r  above any l o c a t i o n  o u t s i d e  t h e  d i s p o s a l  s i t e  by more than one-half p i c o c u r i e  
pe r  l i te r .  

SUBPART B--Standards f o r  Cleanup of Open Lands and Buildings Contaminated w i t h  
Residual  Radioac t ive  Mate r i a l s  from I n a c t i v e  Uranium Process ing  S i t e s  

192.10 A p p l i c a b i l i t y  

This  subpa r t  a p p l i e s  t o  land and b u i l d i n g s  which a r e  p a r t  of  any p rocess ing  
s i t e  des ignated  by t h e  Sec re t a ry  of  Energy undcr Pub. L. 95-604, S e c t i o n  102. 
Sec t ion  101 of  Pub. L. 95-604, s t a t e s  t h a t  "processing s i t e "  means-- 

( a )  any s i t e ,  i nc lud ing  t h e  m i l l ,  conta in ing  r e s i d u a l  r a d i o a c t i v e  
m a t e r i a l s  a t  which a11 o r  s u b s t a n t i a l l y  a l l  of t h e  uranium was produced f o r  s a l e  
t o  any Fede ra l  agency p r i o r  t o  January  1 ,  1971, under a  c o n t r a c t  w i t h  any 
Federa l  agency, e s c e p t  i n  t h e  case of a  s i t e  a t  o r  near S l i c k  Rock, Colorado, 
unless--  

) such s i t e  was owned o r  c o n t r o l l e d  a s  of January 1 ,  1978, o r  i s  
t h e r e a f t e r  owned o r  c o n t r o l l e d ,  by an Federa l  agency, o r  

(2)  a  l i c e n s e  [ i s s u e s  by t h e  (# l c l r a r  Reg**lntory) Commission o r  i t s  
predecessor  agency under t he  Atomic Energy Act of 15'54 o r  by a S t a t e  a s  per- 
mit t ed  under Sec t ion  274 of such Act ]  f o r  t he  p r o d u c t i m  a t  su rh  s i t e  of  any 
uranium o r  thorium product  dervied from o r e s  is i n  e f f e c t  on January A ,  1978, o r  
is  i ssued  o r  renewed a f t e r  such d a t e ;  and 

(b) Any o t h e r  r e a l  proper ty  o r  improvement thereon which-- 

(1)  is  i n  t h e  v i c i n i t y  of such s i t e ,  and 

(2)  i s  determined by t h t  Sec re t a ry ,  i n  c o n s u l t a t i c n  wi th  t h e  
Commission, t o  be con ta i ina t ed  with r e s i d u a l  r ad ioac t ive  m a t e r i a l s  de r ived  from 
such s i t e .  

*This average  s h a l l  apply over  t h e  e n t i r e  su r f ace  of  t h e  d i s p o s a l  s i t e  and 
over a t  l e a s t  a  one-year per iod .  Radon w i l l  come from both  r e s i d u a l  rad io-  
a c t i v e  m a t e r i a l s  and from m a t e r i a l s  covering them. Radon emiss ions  from t h e  
cover ing  m a t e r i a l s  should be es t imated  a s  p a r t  of developing a remedial a c t i o n  
p l a n  f o r  each  s i t e .  The s tandard ,  however, a p p l i e s  only t o  emiss ions  from 
r e s i d u a l  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  a+-mosphere. 
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(a) Unless otherwise indicated in this subpart, all terms a k l l  have the 
same meaning as defined in Title I of the Act or in Subpart A. 

(b) Land means any surface or subsurface land that is not part of a 
disponal site and is not covered by an occupiable building. 

(c! Working I* (WL) means combination of short-lived radon decay 
products in one liter of air that will result in the ultimate emission of alpha 
particles with a total energy of 130 billion electron volts. 

(d) Soil means all unconsolidated materials normally found on or near the 
surface of the earth inciuding, but not limited to silts, clays, sands, gravel, 
and small rocks. 

192.12 Standards 

Remedial actions shall be conducted so A S  to provide reasonable assurance 
that, as a result of residual radioactive materials from any designated procar 
sing site: 

(a) the concentration of radium-226 in land averaged over any area of 100 
square meters shall not exceed the background level ty more than--- 

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface, 
and 

(2) 15 pCi/g, averaged 15 cm thick layers of soil more than 15 cm 
below the surf ace. 

(b) in any occupied or habitable building--- 

(1) the objective of remedial action shall be, and reasonable effort 
shall be made to achieve, an annual average (or equivalent) radon decay product 
concentration (including background) not to exceed 0.02 WL. In any case, the 
radon decay product concentration (including background) shall not exceed 0.03 WL, 
and 

(2) the level of ga-a radiation shall not exceed the background 
level by more than 20 microroentgens per hour. 

SUBPART C--Implementation 

192.20 Guidance for Implementation 

Section 108 of the Act requires the Secretary of Energy to select and 
perform reawdiel actions with the concurrence of the Nuclear Regulatory 
Cosmission and the fell participation of any State that pays part of the cost, 
and in consultation, as appropriate, with affected Indian Tribes and the 
Secretary of the Interior. These parties, in their respective roles under 
Section 108, are referred to hereafter as "the implementing agencies." 
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T5e implementing agencies shall establish ffiethods and procedures to provide 
"reasonable assurance" that the provisions of Subparts A and B are satisfied. 
This should be done as appropriate throv.gh use of analytic models and site- 
specific analyses, in the case of Subpa~t A, and for Subpart B through measure- 
ments performed within the accuracy af currently available types of field and 
laboratory instruments in conjunction with reaso~able survey and sampling 
procedures. These methods and pr~cedures may be varied to suit conditions at 
specific sites. In particular: 

(a) The purpose of Subpbrt A is to provide for long-term stabilization and 
isolation in order to inhibit misuse and spreading of residual radioactive 
materials, coatrol releases of radon to air, and protect water. Subpart A may 
be implemented through analysis of the physical properties of the site and the 
control system and projection of the effects of natural processes over time. 
Erenta and processes that could significantly affect the cverage radon release 
rate from the entire disposal site should be considered. Phenomena that are 
localized or temporary, such as local. cracking or burrowing of rodents, need to 
be taken into account only if their cumulative effect would be significant in 
determining compliance with the standard. Comp~ tational models, theories, and 
prevalent expert judgment may be used to decidr that a control system design 
will satisfy the standard. The numerical range I rovided in the standard for the 
longevity of the affectiveness of the control oi residual radio~ctive materials 
allows for consideration of the various factors affecting the longevity of 
control and stabilization methods and their costs. These factors have different 
levels of predictability and may vary for the different sites. 

Protection of water should be considered in the analysis of reasonable 
assurance of compliance with the provisions of Section 192.02. Protection of 
water should be considered oa a case-specific basis, drawing on hydrological and 
geochemical surveys and all other relevant data. The hydrologic and geologic 
assessment to be conducted at each site should include a monitoring program 
sufficient to establish background groundwater quality through one or more 
upgradient wells, and identify the presence and movement of plumes associated 
with the tailings piles. 

If contaminants have been released from a tailings pile, an assessment of 
the location of the contaminants and the rate and direction of movement of 
contaminated groundwater, as well as its relative contamination, should be made. 
In addition, the assessment should identify t.he attenuative capacity of the 
unsaturated and saturated zone to determine the extent of plume movement. 
Judgments on the possible need for remedial or protective actions for ground- 
water aquifers should be guided by relevant c0nsiderati.m~ described in EPA's 
hazardous waste management system (47 FR 32274, July 26, 1982) and by relevant 
State and Federal Water Quality Criteria for anticipated or existing uses of 
water over the term of the stabilization. The decision on whether to institute 
remedial action, what specific action to take, and to what levels an aquifer 
should be protected or restored should be made on a case-by-case basis taking 
into account such factors as technical feasibility of improving the aquifer in 
its hydrogeologic setting, the Cost of applicable restorative or protective 
programs, the present and future value of the aquifer as a water resource, the 
availability of alternative water supplies, and the degree to which human 
exposure is likely to occur. 
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(b) Compliance with Subpart B, to the extent. practical, should be demon- 
strated through radiation surveys. Such surveys nay, if appropriate, be 
restricted to locations likely to contain residual radioactive materials. These 
surveys should be designed to provide for compliance averaged over limited areas 
rather than point-hy-point compliance with the standards. In most cases, meas- 
urement of gatma radiation exposure rates above and below the land surface can 
be used to show compliance with Section 192.12(a). Protocols for making such 
measurements should be based on realistic radium distributions near the surface 
rather than extremes rarely cncountered. 

In Section 192.12(a), the "background level" refers to native radium concen- 
tration in soil. Since this may not be determinable in the presence of contami- 
nation by residual radioactive materials, a surrogate "background level" may be 
established by simple or indirect (e.g., gamma radiation) measurements performed 
nearby but outside of the contaminated location. 

Compliance with Section 192.12(b) may be demonstrated by methods that the 
Department of Energy has approved for use under PL 92-314 (10 CFR 712), or by 
other methods that the implementing agencies determine are adequate. Residbal 
radioactive materials should be removed from buildings exceeding 0.03 WL so that 
future replacement buildings will not pose a hazard [unless removal is not 
practical--see Section 192.21(c)]. However, sealants, filtration, and ventila- 
tion devices may provide reasonable assurance of reductions from 0.03 WL to 
below 0.02 WL. In unusual cases, indoor radiation may exceed the levels 
specified in Section 192.12(b) due to sources other than residual radioactive 
materials. Remedial actions are not required in order to comply with the 
standard when there is rrasonable assurance that residual radioactive materials 
are not the cause of such an excess. 

192.21 Critiera for Applying Supplemental Standards 

The iriplementing agencies may (and in the case of Subsection (f) shall) 
apply standard; under Section 192.22 in lieu of the standards of Subparts A or B 
if they determine that any of the following circumstances exists: 

(a) Remedial actions require6 to satisfy Subparts A or B would pose a 
clear snd present risk of injury to workers or to members of the public, not- 
withstanding reasonable measures to avoid or reduce risk. 

(b) Remedial actions to satisfy the cleanup standards for land, Sectioa 
192.12(a), or the acquisi1;ion of minimum materials required for control to 
satisfy Section 192.02(b), would, notwithstanding reasonable measures to limit 
dam~ge, directly produce e!wironmental harm that is clearly excessive compared 
to the health benefits to persons living on or near the site, now or in tile 
future. A clear excess of environmental harr is harm that is long-term, 
manifest, and grossly disproportionate to healta benefits that may reasoably be 
anticipated. 

(c) The estimate cost of remedial action to satisfy Sectioa 192.12(a) at a 
"vi=inityt' site [described under Section 101 (6) (B) of the Act] is unreasonably 
high relative to the long-term benefits, and the residual radioactive materials 
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do no: pose a clear present or future hazard. The likelihood that buildings 
will be erected or that people will spend long periods of time at such a 
vicinity site should be considered in evaluating this hazard. Remedial action 
will generally not be necessary where residual radioactive materials have been 
placed semi-permanently in a location whre site-specific factors limit their 
hazard and from which they are costly or difficult to remove, or where only 
minor quantities of residual radioactive materials ase involved. Examples are 
residual radioactive materials under hard surface public roads and sidewalks, 
around public sewer lines, or in fence post foundations. Supplemental standards 
should not be applied at such sites, however, if individuals are likely to be 
exposed for long periods of time to radiation from such materials at levels 
above those that would prevail under Section 192.12(a). 

(d) The cost of a remedial action for cleanup of a building under Section 
192.12(b) is clearly unreasonably high relative to the benefits. Factors that 
should be included in this judgment are the anticipated period of occupancy, the 
incremental radiation level that would be affected by the remedial action, the 
residual useful Lifetime of the building, the potential for future construction 
at the site, and the applicability of less costly remedial methods than removal 
of residual radioactive materials. 

(e) There is no known remedial action. 

( f )  Rodionuclides other than radium-226 and its decay products are present 
in sufficie -t quantity and concentration to constitute a significant radiation 
hazard from residual radioactive materials. 

192.22 Supplemental Standards 

Federal agencies implementing Subparts A and B may in lieu thereof proceed 
pursuant to this section with respect to generic or individual situations meeting 
the eligibility requirzments of Section 192.21. 

(a) When one or more of the criteria of Section 192.21(a) chrough (e) 
applies, the implementing agencies shall select and perform remedial actions 
that come as close to meeting the otherwise applicable standard as is reasonable 
under the circumstances. 

(b) When Section 192.21(f) applies, remedial actions shall, in addition to 
satisfying the standards of Subparts A ~ n d  B, reduce other residual radio- 
activity to levels that are as low as is reasonably achievable. 

(c) The implementing agencies may make general determinations concerning 
remedial actious under this Section that will apply to all locations with 
specified characteristics, or they may make a determination for a specific 
location. When remedial actions are proposed m d e r  this Section for a s~ecific 
location, the Department of Energy shall inform any private owners and occupants 
of the affected location and solicit their comments. Tbe Department of Energy 
shall provide any such comaents to the other implementing agencies. The 
Department of Energy shall also periodically inform the Environmenial Protection 
Agency of both genezal and individual determinations under the provisions of 
this section. 
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EXCERPTS FROM LA-UR-79-1865-Rev., 

"Interim S o i l  Limits  f o r  D&D Projec ts"  

Table X X I I I .  Reconmended S o i l  L imi t sapb( in  pCi/g) 

Inges t ion  
Home F u l l  External  

Inha la t ion  Gardener Die t  Radiat ion pathwaysb 

z3  l ~ a  

2 2 7 ~ ~  

2 3 2 ~ h  

2 2 s ~ h  

2 3 0 ~ h  (NO Daught.) 

2 3 8 ~ - 2 3 4 ~  

9 0 ~ r  

37cs 

a s o i l  l i m i t s  f o r  2 4 1 ~  and 239 '240~u  a r e  a v a i l a b l e  from EPA recom~lendations, and 
a s o i l  l i m i t  f o r  2 2 6 ~ a  has been repor ted  by Healy and Rodgers. 

b ~ i m i t s  a r e  t o  apply t o  only one nuc l ide  p resen t  i n  the  s o i l .  I f  more than one 
is  p r e s e n t ,  a weighted average should apply. 

C 
Based on a d i e t  of a home gardener. 

d ~ o d i f  i e d  from LA-UR-79-1865-Rev. va lues  t o  c o r r e c t  e r r o r .  
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EXCERPTS FROM W E  5480.1, Chapter XI 

llRequirements for Radiation Protection1' 

Exposure of Individuals and Population Groups in Uncontrolled Areas. 
Exposures to mcmbers of the public shall be as low as reasonably achievable 
levels within the standards prescribed below. 

Radiation Protection Standards 
for Internal and External Exposure 

of Members of the Public 

Annual Dose Equivalent 
or Dose Commitment 

Baaed on Dose to Based on Average Dose 
Individuals at to a Suitable Sample 
Points of Maximum of the Exposed 

Type of Exposure Probable Exposure Population 

Whole body, 
gonads, or 
bone marrow 

'3.5 rein 
(or 500 mrem) 

0.17 rem 
(or 170 mrem) 

Other organs 1.5 rem 
( ~ r  1500 mrem) 

0.5 rem 
(or 500 m r e m )  
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CONCENTRATIONS I N  A I R  AND WATER ABOVE NATURAL BACKGROUND 

Table I Table 11 
Controlled Area Uncontrolled Area 

Element I sotope Column I Colurma 2 Column 1 Column 2 
( a t o l i c  solrible (S) A i r  Water A i r  Water 
number) inso lub le  (S) (pCi/2) ( p c i / d )  (pc i / e )  ( p C i / d )  

Cesium (55) C s  137 S 60 400 2 
I 10 1000 0.5 

Cobalt (27) Co 60 5 300 1000 10 
I 9 1000 0.3 

Radon (86) Rn 220 S 300 10 

Rn 222 S 100 3 

Strontium S r  90 S 1 10 0.03 0.3 
(38) I 5 1000 0.2 40 

Yttrium (39) Y 90 S 100 600 4 20 
I 100 600 3 20 
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APPENDIX 7 

EVALUATION OF RADIATION EXPOSURES 

INTRODUCTION 

A. Types of Radiation 

Radiation is the emission or transmission of energy in the form of waves or 
particles. Examples are acoustic waves (i.e., sound), electromagnetic waves 
(such as radio, light, x- and gamma-rays), and particulate radiations (such as 
alpha particles, beta particles, neutrans, protons, and other elementary par- 
ticles). 

The class of radiation of importance to this report is known as ionizing 
radiation. Ionizing radiations are those, either electromagnetic or particu- 
late, with sufficient energy to ionize matter, i.e., to remove or displace 
electrons from atoms and molecules. The most common types of ionizing radiation 
are x -  and gamma-rays, alpha particles, beta particles, and neutrons. 

X- and gamaa-rays are electromagnetic waves of pure energy, having no 
charge and no mass or existence at rest. Gamna-rays and x-rays are identical 
except that x-rays originate in the atom and ganrma-rays originate in the nucleus 
of an atom. X- and gamma-rays are highly penetrating and can pass through 
relatively thick materials before interacting. Upon interaction, some or all of 
the energy is transferred to electrons which, in turn, produce additional ioniza- 
tions whiie coming to rest. 

Alpha particles are positively charged particulates composed of two neutrons 
and two protons, identical to the nucleus of a helium atom. Due to its com- 
paratively large mass and double charge, an alpha particle interacts readily 
with matter and penetrates only a very short distance before coming to rest, 
causing intense ionization along its path. 

Beta particles are negatively charged free electrons moving at high sp2eds. 
Due to its comparatively small mass and single charge, a beta particle's pene- 
tration through matter is intermediate between that of the alpha particle and 
the gatma-ray, causing fewer ionizations per unit path length than an alpha 
partic! e. 

B. Sources of Radiation 

Ionizing radiations arise from terrestrial radioactive materials (both 
naturally occurring and man-made), extra-terrestrial (cosmic) sources, and 
radiation-producing machines. The sources of ionizing radiation important to 
this report are radioactive materials and cosmic sources. 

Host atoms of the elements in our environment remain structurally stable. 
Vith time, an atom of potassium, for instance, may change its association with 
other atoms in chemical reactions and become part of other compounds, but it 
will always remain a potassium atom. Radioactive atoms, on the other hand, are 
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not stable and will spontaneously emit radiation in order to achieve a mote 
stable state. Because of this spontaneous transformation, the ratio of protons 
and neutrons in the nucleus of an atom is altered toward a more stable condi- 
tion. Radiation may be emitted from the nucleus as alpha particles. beta par- 
ticles, neutrons, or garrma-rays, depending uniquely upon each particular radio- 
nuclide. Radionuclides decay at characteristic rates dependent upon the degree 
of stability and characterized by a period of time called the half-life. In one 
half-life, the number of radioactive atoms and, therefore, the amount of radia- 
tion emitted, decrease by one half. 

The exposure of man to terrestrial radiation is due to naturally occurring 
radionuclides and also to "man-made" or technologically enhanced radioactive 
materials. Several dozen radionuclides occur naturally, some having half-lives 
of at  east the same order of magnitude as the estimated age of the earth. The 
majority of these naturally occurring radionuclides are isotopes of the heavy 
elements and belong to three distinct radioactive series headed by uranium-238, 
uranium-235, and thorium-232. Each of these decays to stable isotopes of lead 
(Pb) through a sequence of radionuclides of widely varying half-lives. Other 
naturally occurring radionuclides, which decay directly to a stable nuclide, are 
potassium-40 and rubidium-87. It should be noted that even though the isotopic 
abundance of potassjun-40 is less than 0.012%, potassium is so widespread that 
potassium-40 contributes about one-third of the radiation dose received by man 
from natural background radiation. A major portion of the exposure (dose) of 
man from external terrestrial radiation is due to the radionuclides in the soil, 
primarily potassium-40 and the radioactive Gecay-chain products of thorium-232 
and uranium-238. The naturally occurring radionuclides depobited internally in 
man throu:lh uptake by inhalation/ingestion of air, food, and drinking water 
containing the natural radioactive material also contribute significantly to hia 
total dose. Many other radionuclides are referred to as "man made" in the sense 
that they can be produced in large quantities by such means as nuclear reactors, 
accelerators, or nuclear weapons tests. 

The term "cosmic radiation" refers both to the primary energetic particles 
of extra-terrestrial origin that are incident on the earth's atmosphere and to 
the seccndary particles that are generated by the interaction of these primary 
particles with the atmosphere, and reach ground level. Primary cosmic radiation 
consists of "galactic" particles externally incident on the solar system, and 
"solar" particles emitted by the sun. Thls radiation is composed primarily of 
energetic protons and alpha particles. The first gereration of secondary 
particles (secondary cosmic radiation), produced by nuclear interactions of the 
primary particles with the atmosphere, consists predominantly of neutrons, 
protons, and pions. Pion decay, in turn, results in the production of elec- 
trons, photons, and muons. At the lover elevations, the highly penetrating 
muons and their associated decay and collision electrons are the dominant 
components of the cosmic-ray particle flux density. These particles, together 
with photons from the gamma-emitting, naturally occurring radionuclides in the 
local environment, form the external penetrating component of the background 
environmental radiation field which provides a significant portion of the whole- 
body radiation dose to man. 
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In addition to the df ;ect cosmic radiation, cosmic sources include cosmic- 
ray-produced radioactivity, i.e., cosmogenic radionuclides. The major produc- 
tion of cosmogenic radionuclides is through interaction of the cosmic rays with 
the atmospheric gases through a variety of spallation or neutron-capture reac- 
tions. The four cosmogenic radionuclides that contribute a measurable radiation 
dose to man are carbon-14, sodium-22, beryllium-7, and tritium (hydrogen-3), all 
produced in the atmosphere. 

BACKGROWD RADIATION DOSES 

Background radiation doses are comprised of an external component of radia- 
tion impinging on man from outside the body and an internal component due to 
radioactive ~aterials taken into the body by inhalation or ingestion. 

Radiation dose may be expressed in units of rads or rems, depending upon 
whether the reference is to the energy deposited or to the biological effect. A 
rad Ls the amount of radiation that deposits a certain amount of energy in each 
jram of material. It applies to all radiations and to all materials which 
absorb that radiation. 

Since different types of radiation produce ionizations at different rates 
as they pass through tissue, differences in damage to tissues (and hence the 
biological effectiveness of different radiations) has been noticed. A rem is 
defined as the amount of energy absorbed (in radr) from a given type of radia- 
tion mult~plitd by the factor appropriate for the particular type of radiation 
in order to approximate the biological damage that it causes relative to a rad 
of x or g a m a  radiation. The concept behind the unit "rem" permits evaluation 
of potential effects from radiation exposurt without regard to the type of 
radiation or its source. One rem received from cosmic radiation results in the 
same biological effects as one rem from medical x-rays or one rem from the 
radiations emitted by naturally occurring or man-made radioactive materials. 

The external penetrating radiation dose to man derives from both terres- 
trial radioactivity and cosmic radiation. The terrestrial component is due 
primarily to the gemma dose from potassium-40 and the radioactive decay products 
of thorium-232 and uranium-238 in soil as well as from the beta-gara dose from 
radon daughters in the atmosphere. Radon is a gaseous member of the uranium-238 
chain. The population-weighted external dose to an individual's whole body from 
terrestrial sources in the United States has been estimated as 15 mrem per year 
for the Atlantic and Gulf Coastal Plain, 57 mrem per year for an indeterminate 
area along the Rocky Mountains, and 29 mrem per year for the majority of the 
rest of the United States. The overall population-weighted external dose for 
the U.S. population as a whole has been estimated to be 26 mrem per year. 

The cosmic radiation dose, due to the charged particles and neutrons from 
secondary cosmic rays, is typically about 30% to 50% of the total from all 
external environmental radiation. The cosmic-ray dose to the population is 
estimated to be 26 mrem per year for those living at sea level, and increases 
with increasing altitude. Considering the altitude distribution of the U.S. 
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population, the population-weighted external cosmic-ray dose is 28 mrem per 
year. The population-weighted total external dose from terrestrial plus cosmic 
sources is thus 54 mrem per year for the U.S. population as a whole. 

The interncl radiation doses derive from terrestrial and cosmogenic radio- 
nuclides deposited within the body through uptake by inhalation/ingestion of 
air, food, and drinking water. Once deposited in the body, many radioactive 
materials can be incorporated into tissues because the chcmical properties of 
the radioisotopes are identical or similar to stable isotopes in the tissues. 
Potassium-40, for instance, is incorporated into tissues in the same manner as 
stable potassium atoms because the chemical properties are identical; radio- 
active radium and strontium can be incorporated into tissues in the same ~anner 
as calcium because their chemical properties are similar. Once deposited in 
tissue, these radionuclides emit radiation that results in the internal dose to 
individual organs and/or the whole body as long as it is in the body. 

The internal dose to the lung is due primarily to the inhhlation of 
polonium-218 and -214 (radon daughters), lead-212 and bismuth-212 (thoron daugh- 
ters) and polonium-210 (one of the longer-lived radon decay products). The dose 
to the lung is about 100 mrem per year from inhaled natural radioactivity. The 
internal dose from subsequent incorporation of inhaled or ingested radioactivity 
is due to a beta-gama dose from incorporation of potassium-40, rubidium-87, and 
cosmogenic nuclides, and an alpha dose from incorporation of primarily polonium- 
210, radium-226 and -228, and uranium-238 and -231. Tt.e dose to man from 
internally incorporated radionuclides is about 28 srem per year to the gonads, 
about 25 mrem per year to the bone marrow, lung, and other soft tissues, and 
about 117 mrem per year to the bone (osteocytes). The bone dose arises prirnari- 
ly from the alpha-emitting members of the naturally occurring series, with 
polonium-210 being the largest contributor. The gonadal and soft tissue doses 
arise primarily from the beta and gamma emissions from potassium-40. The total 
internal dose from inhaled plus incorporated radioactivity is about 28 mrem per 
year to the gonads (or whole-body dose), about 125 mrem per year to the lung, 
about 25 mrem per year to the bone marrow, and about 117 mrem per year to the 
bone (osteocytes). 

The total natural background radiation dose is the sum of the external and 
internal components. The population-weighted dose for the U.S. population as a 
whole is about 82 mrem per year to the gonads or whole body, about 179 mrem per 
year to the lung, about 79 mrem per year to the bone marrow, and about 171 mrem 
per year to the bone (osteocytes). 

Besides the natural background radiation, background radiation doses 
include contributions from man-made or technologically enhanced sources of 
radiation. By far, the most significant are x-ray and radiopharmaceutical 
medical examinations. These contribute a population-averaged dose estimated to 
be 70 mrem per year for the U.S. population as a whole. Fallout from nuclear 
weapons testing through 1970 has contributed 50-year dose comnitments estimated 
as 80 mrem external, and 30, 20, aud 45 mrem internal to the gonads, lung, and 
bone marrow, respectively. Contributions from the use of fossil fuels (nstuial 
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gas and coal) and nuclear reactors; mining, milling, and tailings piles; tele- 
vision sets, smoke detectors, and watch dials could be responsible for an 
additional 5 mrem per year, averaged over the U.S. population as a whole. In 
addition, the use of radiation or radioactivity for scientific, industrial, or 
medical purposes may cause workers in the industry and, to a lesser extent, 
members of the general public, to receive some radiation exposure above natural 
background. 

EVALUATION OF RADIATION M S E  AND POTENTIAL HAZARD 

Radiation, regardless of its sources, is considered to be a hazard because 
of its potential for producing adverse effects on human life. Very large amounts 
of radiation received over a brief period, i.e., hundreds of rem delivered 
within a few hours, can produce severe injury or death within days or weeks. 
Distributed over longer intervals, however, these same doses would not cause 
early illness or fatality. At dores and rates too low to produce these 
immediate symptoms, chronic or repeated exposure to radiation can bring about 
biological damage which does not appear until years or decades Later. These 
low-level effects are stochastic in nature; their probability rather than their 
severity increases with dose. Primary among these latent or delayed effecfs are 
somatic effects, where insults such as rancers occur directly to the individual 
exposed, and genetic defects, where, through damage to the reproductive cells of 
the exposed individual, disability and disease ranging from subtle to severe are 
transmitted to an exposed person's offspring. 

Clinical or observed evidence of a relation.&ip between radiation and human 
cancers arise from several sources. The most important data come from the 
victims of Hiroshima and Nagasaki, patients exposed during medical therapy, 
radium dial painters, and uranium miners. Data exist only for relatively large 
doses; there have been no direct measurements of increased incidence of cancer 
for low-level radiation exposures. Evaluation of the available data has lead to 
estimates of the risk of radiation-induced cancer; estimated risks for tbe lower 
doses have been derived by linear extrapolation from the higher doses. All 
radiatiou exposures then, no matter how small, are assumed to be capable of 
iucreasing an individual's risk of contracting cancer. 

Data on genetic defects resulting from radiation exposure of humans is not 
available to the extent necessary to allow an estimate of the risk of radiation- 
induced effects. Data from animals, along with general knowledge of genetics, 
have been used to derive an estimate of the risks of genetic effects. 

Estimates of health effects from radiation doses are usually based on risk 
factors as provided in reports issued by the International Conmission on 
Radiological Protection (ICRP), National Research Council Advisory Committee on 
the Biological Effects of Ionizing Radiation (BEIR), or United Nations Scientific 
Committee on the Effects of Atomic Radiation (UNSCEAR). Multiplying the estimated 
dose by the appropriate risk factor provides an estimate of the r i - t  r z  yroba- 
bili'y of induction of health effects to an individual or his descendants as a 
result of that exposure. The evaluation of these risk factors is presently 
subject to large uncertainties and, therefore, potential continual revision. 
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The risk factors recommended by the ICRP for cancer-mortality and hereditary Ill 
health to _the first and second gen2rations are 10 " per rem of whole-body dose 
and 4 x 10 "er rcm of gonadal dose, respectively. As an example, a whole-body 
dose of 1 rem would be estimated to add a risk of cancer mortality to the exposed 
invididual of 10 ", i.e., 1 chance in 10,000. However, a precise numerical 
value cannot be assigned with any certainty to a particular individual's increaae 
in risk attributable to radiation exposure. The reasons for this are numerous 
and include the following: (1) uncertainties over the influence of the 
individual's age, stste of health, personal habits, family medical history, and 
previous or concurrent exposure to other cancer-causing agents, (2) the varia- 
bility in the lateut period (time between exposure and physical evidence of 
disease), and (3) the uncertainty in the risk factor itself. 

To be meaningful, an attempt should be made to view such risk estimates in 
the appropriate context. One useful comparison is with risks encountered in 
normal life. Another comparison, potentiaily more useful, is with an estimation 
of the risks attributable to natural background radiation. Radiation from 
natural external and internal radioactivity results in the same types of inter- 
actions with body tissues as that from "man-made" radioactivity. Hence, the 
risks from a specified dose are the same regardless of the source. Rather than 
going through an intermediate step involving risk factors, doses can also be 
compared directly to natural background radiation doses. 

Besides estimation of risks and comparisons to natural background, doses 
may be compared to standa~ds and regulations. The appropriate standards, the 
Department of Energy's "Requirements for Radiation Protection," give limits for 
external and internal exposures for the whole body and specified organs which 
are expressed as the permissible dose or dose comaitment annually in addition to 
natural background and medical exposures. There are, in general, two sets of 
limits, one applicable to occupationally exposed persons and the second appli- 
cable to individuals and population groups of the general public. The limits 
for individuals of the public are one-tenth of those permitted for occupatisn- 
ally exposed individuals. The set. of limits imports7.t to this report are those 
applicable to individuals and population groups of the public. The limits for 
individualo of the public are 500 mrem per year to the whole body, gonads, or 
bone marrow and 1500 mrem per year to other organs. The limits for population 
groups of the public are 170 mrem to the whole body, gonads, or bone marrow and 
500 mrem per year to other organs, averaged over the group. In either case, 
exposures are to be limited to the lowest levels reasonably achievable within 
the given limits. 
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